
Q-.'S 111 J i i t> (jU in 


I ^oJLsJL pLj-uiLJI Iujj 4* >» I T H 4_LLo^I j-o jil f\ II r{ 

* 

4 j . v > I a 7 1 1 pLj„i 4 II ^ 4 > xuLo.yi ^Q-i.^LLlI j_4_c-> ^-Lulj f— ^ 

c “ 

4 > t nil 11 wIjLx.auLjujX 4 ■>» lo)$ 4-JOJLdL-O f-{ 

f « 

4 -JL 3 till wljL-JwbLjJJ 4 >, xuL.ujI 4 > uQjl j o V>> " 1 p-{ 






,1^1 > ft iiA 


cUjjflJI 

■■ ^ ■■ physics 

^ jl j_]l pxl %\ H 



+971 2 6314462 q&\*- + 971 2 6314485 ui! iU - ^ jJ - S^Uil CjIjU^I 

http://www.kalima.ae iju)0 a£^ Jc. - 2380 sj-o -3 




+961 1 786230 “ +961 1 785107 - 785108 - 786233 c_»jU - Cj jj # - <jtul 

http://www.asp.com.lb :Cu jStyl A<u*i Jc. £S>a 11 ~ 13-5574 u,^ 



Arab SdentMc PittWwn, fntui 


^2009 - — M430 Jji\ i*AJI 
978-9953-87-026-7 <iL,j j 


AjUj I JIa JfciSjJ ^ jUi tAinil jjjc. 

CM~ 1102-2050 13-5574 “ (+961-1) 785107 - 785108 - 786233 :^U 

http://www.asp.com.lb :cjj ju)|l aSo*1 Jc. - asp@asp.com. lb - (+961-1) 786230 

PHYSICS j^V 1 ^ jj cjliSll 

McGraw-Hill/Os borne ^ IjjjjIj Igj O - ®^- J* j5lt lSJ^- 

• ^ jl»U jl-iil (jojj Ajjj 

Copyright © 2002 by The McGraw-Hill Companies, Inc. 
Arabic Copyright © 2006 by Arab Scientific Publishers, Inc. S.A.L 


jj*Jj J *\ jl jjc. JJC. ^jl»D "<-alS" cijl jail J AltSU AJifc jj 

. c Ijl (jC- ejjjiiallj JJ*J Y j eljl (jC. c-jUSII l-ifc ftJjl jll oljYl 


^jJc- (Jj> ./ill J ^il jc-jjji]l (Jj> iiTllI <j LttJ <jSjjlS^4 jl J AilJjj (^L L.tl'&Il I^A *J)i. 1^1 JLaald ji jooij £±aJ 

(jjl IfrE-la. jitJj tdjUjLuJI -laia I^jS Laj f_g ^i.1 _jJ»j ^1 jl ** jjLa jl AJajjil 




• Jtm 

ULill 



cUjjnll 

mm W mmphysics 

juJ-aUI Jj_1j 





^J 3 

jL-a ^luu 


jjjauj 

jS>» 



2LO-U 
Bi ALINA 



Jf-o“ IjgjuiU'PgbdJ /ujjaIIjNI 

Arab Scientific Publishers, Inc.UL 




£*\ jj j^a!\ 


cjUlj 

17 tO'iiUU :1 J-aiJl 

17 cf.^\ 

22 -L>-lj J>j^' ** r o^/jU^ 

25 ~L>-ij 

30 J^\j J j^. JA o^L*i I 

31 ^UjJl ^L^L) 

34 4x^Sfl Oylji J&**. 

39 :2±a£\ 

39 4*siajL>«_dlj ^il 

45 JLpiy 

48 aJL—SH tUaJ-l 

51 ^.Ul ^}i\ 

57 oUak?xit :3 

57 ix.Uiil 

68 ^aiJl yuA\ 

70 (S /A <+& 

83 :4 

83 v-L-ty jipI yJt 

96 4-pU ^Jl JlSoSfl 

103 , ^jJaA Jij yljOJl 



O \jf£\ 


105 Jl 4 j>- L—^ 

113 t OUa i jU. > U\ :5 J-uaill 

113 oUijli^Ul 

122 i-iJLill ^1^1 

125 Identities S-d^' 

131 jLe> oljJt 

JjVl , 

^fclt ^Ljjaill 

147 c. jl jiltj oi^- jit :6 J nrtfll' 

147 oUb-jJl pJu 

148 SI j J--L-SII olJb-jll 

153 cS olAs-j 

156 oUpUoII ob‘iU 

158 c^ljdl 

161 (EM) tS'j** 

162 cJ^kiy£- 

169 & y-'j t# jil'j :7 J-AflJ' 

169 5JbS0i 

173 5>3l 

174 ;..o-l jV 1 

175 

178 . ^ j— -Jl 

179 

184 (j <jy^ 



Objs£t 


189 iPlku/ilj (titUlj \jS :8 J««J' 

189 & J-\a«£ 

192 f'ok^l 

197 J~J' 

199 

203 APlk^-VI 

21 1 Sill' dU~«^r :9 J-aaJ' 

211 S ob jikJl 

212 SI>Jl 

220 5'yll 

223 Sill' ^ tfUJl 

227 oLTjll 

233 SiUl) CiVU-' : 10 J-oi)' 

233 t^UJ* 

241 JsUl Jt 

248 tfjUJl j>Jl 

255 a 3U-\ k^Jl j 5j'>' i«r ji : 11 J-oa)' 

255 ?ij» i>l U 

259 Sjl>l ^ 

264 Sjl ^■ji o *'jy b ^a*j 

267 Sill' oVU j Sjl >1 orja 

275 Jjty olJl :jU>1 

v ui 

CiUjjjSJVIj t4 w . nhii a ti j tf bj$Sl! 


289 


jLmIi i12 





289 Jjuu lit, 

294 Uli ollaias=J>l 

296 i-jUll/jUl/j^Jrl oljb 

301 oUjUil 

307 (jy'lji 

313 »->jUslt jUl :13 

313 jM 1 vJh!j~‘ 

315 

318 ij_5-0l 

321 

325 j> Ji ijjtj 

333 L-JaiAil :14 J-aili 

333 a..».1»:«U 

337 i- Jai ll 

338 l>r -Wi JiU 5y 

341 V'^^ 1 -laJUil 

343 v-JaUl! 

347 olftl 

351 1* ■ ** 

355 uJjlsdl jUt Jj»- Jijl> :15 J-ail< 

355 Jhjk& 

358 sii-Uil 

362 i*-Jl 

366 *j ile-liil 

371 RLC WUll 

379 JUi :16 J«ai!t 

379 a^aJl 

386 'Jit 




OUjs^l 


390 ps?*** 

392 yliJ-l ji i>dV 

394 

397 MOSFET 

399 sJU^dl oljUJl 

403 jtell 




417 fcrjl' : 17 J-tfiJ' 

418 > c l r S(l 

420 ;. i^L-Sfl 

427 jVSn JpU: 

433 j-^Sh j[ jJ 

0 o J 

437 , ter y j\ p-~~*r 

443 £UA?I J\£il : 18 

443 v ~4? J 

448 ELF J yo- 

449 RF 

455 J\ Jju U 

463 ^Ui^l 

473 Obj^aJl :19 J*suBl 

473 s j^ail J jL* 

480 bt 

485 l£Jl 

487 IaJI c-*b .D\ 



489 a Jl y» 

492 ‘~ r ^~ jl' A^'' 

501 4,,-Jl hjid\ :20 J-aiJ' 

501 

505 J-u 

509 «yiJl 

511 ik£)l S ytZ 

514 uuil wJl 

525 uUl : jL>l 

537 W**?' 

559 40Ub»a»^|lj cOljUs*-';/' 





,<Lj J 4 (j -bl y^l Oj^ <U~-L*SM pbjyiJl p J b Cj OjyPjJ ^y-ill pi JL U <w-*L^]| ijA 4ArjX 

0 

. Jj ill ^JjcJl 4JLy (3 J t4-^bi-l l-3 j a ., < a 1 1 y ♦JLoiT L^ajl eylx^Ji Iaa ^Aj 4 01 ^j^-4 

. yup cybJl g.L±u»l aJISO^ *)L*15** ay*«jJ Olj ajJjlJI y* Iaj jl jJlLp ^ y& 

jLi>-i Jb- <^1 JLp .oLb>b Jl <j bijjAi ^y* ULJ o-b" bl yL/? <*_ ->bJl Jjl4 bi^-4 

bJbjJ JA tflib 90 Oir bl . J jSfl ^U! Jl JUxi'*) U*i JaU o^_f bl ,yL-Jl 

p p 

Jl LAwLjP JlP t4>x-j>w* 4 j y*rS/' y> tflib 90 Jl 75 JLp c~U>- bl . JaU- Uaxp 0 /l- t Uu^ 
4 j £^ bj ^Aj y* Jil JLp o.U?>- bl . J»*ai JS"" ajLa J ay*- jil obb>«x^l ^aJj JjSfl <— ->b — Jl 

. jA^p cyUl ^yjJLj 01 *^l bi-lp Ltj tc^bJl 4 jL 4 J jil jbx^lj ay*- jil obbuX^l <j 4>tj>i s^> 

<a p 

$ ■’** <w*>b^il ^ib J^^-y^ j 4 j j j j^aJl O^l jlflil bil ^<-Xa-^w j bil bjjA> bib 0 j^*»ai 

bib jS' bl> blj .{.byiJl 4*J ^a ob-b>b Jli ^byiJl pi*0 4-b?b Jl oljl^il ^yiAj bib — c 01 c. 4 

.Ajjjliil l_ 3 j-baJl (_£ j X «»»»* <*ylx^Jl Iaa (J3 o-i w^ b Jl ^ji— m.^ bib y* l-3j>«x> ^1 . bib*j ^y>«xi 


.obl>*iV^I aJLl>-1j cc^1jLi>-N1j ay*- jil obbixV^/l y* jy^Jl Jb \Sj*> ^ ji — ^ 

4jii (J j>v<a* y>r y> 0U^*1 -L>r jj .4-^LiJl oljbi>-Nl <iJb<-S[ 4j£l-b^* ^Aj oljbbl d^Jxx* ®0jb 

aJwA ^uXaJ Jya.g.11 ( yaj Jl j#J 01 i jaj Lc.j . 'o- jLL* oy>r jil oUl>«_X*Nl . J-v^ J J — S" 

Jl ^Sfl 2b*ry Japlj bb J^l v^l cy»r jil OU^NI ^ c^Abr bJbl ^Ji? Ujlx^p .oliU^Nl 

Ajbi (J bj^^w* 4 j j>"S| 1 . 4ibliJ“! 5j jArS/1 bJJaju <PJJ ^ j b-Uajw bi^i^U^ ^J> C^jJ-i 

.^y^fc^aJl 4j ^ ,1a w /* JLp J-mO^ J«^a all bj")b* ^1 .eyb^]l 


Jju OljUbl iJiXL* jLx^-l JL>r Jj , jiup ^yUl Jjt> cyl Jjl Aj*^j Jl <^1x^11 IJlA y>r 

Sy>rjil oUl>*i«*Nl -Uj j <iil jil <-yljj*>U biji^J JLxp oljLi^-NI oOa ^Jj . J ^ 5 jLi 

<Ll*S/I . cy! jjS/I oljLx^l flX <L> JLP L yaJl Jl JOu N . c^lyS/l oljLl>-l . J yp. aJb 4 y^bM 

4jCJli! 4j!t*xJl . 4 ) 3 j.-.ll bl >/a all ^ JLj bil4 ^.lJaxT t oy>r jil Obb>i-X*Nl 4 JLLw-1 4j yup 4atjJL) c.,«> J 
. cylxSsJl 4jti (J 4j jArS/l 01 iS ft " I ® / .4>xy*w* 4j y>-S/l ^bjl AJ^b 0 j^sj 01 ^A 

Jil J^-c«j ob-bb J {£ ^ C 4 | « L »- P 4ilw«^/l ,4 a*>IjJL 1I ajjJl d AA 4 jL^ ^ 0i>«-X*l JL>rjJ 

bjitllj J jS/1 ^Ul yA 4^ai > tXw*^» <Ll*I ^Jp 0b>iX^Nl ^ ' ty * yil obb>*I>*b|l *h »*\ jj— 4 

t<w-»l yS/l Oljbx>-t Aaj j tcyljJ^/' y* b*JLP 0l>*x/^l I0 a . bJb llj 

.[px^ap 4j j 3?S/I br 4 4Jiib 75 0b** bl ajcaa 4j%tjiJl 0 j£j . ay>r jil J jyaall obb>«JX»l 



AjJrt-JLLt j Orc-lJ J l^l ^Sll oljLl^-l Or«-IJ iljy4 ,Jj-W» (.iJjjJ 

Ji ^iail d-LA 4 j j> JLzJ ^ . L^J-P 3 oUa>-l ^Jl <J^ Uji U^ «J ?r ^Jj 

^ »/3 1 ji «i <^ 3 ** « XJL^ ti^i Jh£ X . I ^.4 ^1 ^ ^"* 3l J ^u^JL*J l , - ^ ^ 1 

. <J ytll (kiijjUi 3 tJutvaJl j o jjflJl ^rl j <ji 

x> o 

Va * « /> > t3 apL^ ^ y^* • t o^ ^iJLjlc' . .tAi 

.0 ^ oLj .IJL>r 1 iLjfl ; ^1 J .djliv bij LiJL-^jj ]a£>\ ^1p 

^ O^bLp ^3 c ob«*«j L* ,^-il «,i^a i A**wij*Ajl Oj^xjl Aj3j j b 1\ qJl, . .4 

.pjb ja£ A*- £-4 ^ll^Jl w jl A^*wljjJl 0-XJ» bJjL^I ~LP 


.aJLjLl-JJ £j* oU>-l j^ S J^ S-*^" j 
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<J5 »x>-l ^O^ 3^ S ^ ^ ^ 


Alac* 4 a_JS 
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J aJ:>1~ ^ a^I . 5 ^Ul! SjLi^ jgi\ ^jUrl j 

to^Uil . oU^lj aJLj 32J1 : jc* 5 " y* ^ ^ ^ La«.*Ji , a«JL^p ^jLnx^ 

t* ^jS*" 01 .iolil aX» J$ (j jjJ ji!l 14 \js *2 OVIj .^Lj*iJl <J tg ##., , ,)lj 

3>» o* ^ 






l _3 jy£ <ljjf A-L^ oL^ 5 ^) cy ilJLpf) 0 *>L*Ui JU* £~soJl J ^ ^ 

oLLk-*Ji ^ ^\ ^ijjjw -1 S\ y* y ^sf ^ t( 4 ..„^ 4 ^ 


^JjSlI^J .djl 3i £*33 J iu ^OaJlj ^lail j liJU-i ^ ./i*t . AjwaJl jl AtaU&J ^ 4_*l*jl 

1 £?lyJl jl A-jikll £>i yjl j 4<w-S[l tA-wWjlp^i)! £>iylJl5~ cOL^S/1 ^j/3.*; <J$ ■ r Jjl ll 

* 

.iJL*v 

* 

* *■ . ■*■: ■ J : . 

<-r> j-siaJl djt^lj t*l y^> jXp . 31 3 ~*t! .(— ) £_ 3 *^ djL 5 »L ^ ^JaJl <J^-J • (+) SjLib £- 4*^*1 < 3 ^—*^ 

^ , * 

3 *^ o* ^lyil ^- 0 ? yj jl (X) 45 jldJLC. 

* * s' * It ■* ‘i’’ "'■ 

lp ylA Ajl^Sy C-jl jZ jl y toV j^% 1 a dJLP jl J y>*lAj to'^Uil 


3 i ^jr'i O ^ " 1 J (/) d y^*W* fiil 3 ^ kJ . 1 $ «■«■ ? jy*j 0 ^^ o-jlyill 

Oy^J d^A«ll OljLxjl A-<»— oOl 3^4^- ^5^ ia>* . L^JwJT 3i ^ Ujl,^,. J 

fi 

3i 3^) 3* *3^*'^^ <3 (^ _ji <3 . itfuwi iy I, , dU 

^yL-Sfl ^ij Oj-aJJ JWO j-« 3 $lio ^yS /1 ^ (*^ 

: JfiH *<** • Wi 


hu*\ yi : uUi 


2+3 

LA l)LJ*I 

4-7 

Aj^jI 

(2X5) y 2 x 5 

l—** - L_^ jbjl 

2x 

X jDl 

2(x + 4) 

(X+4 ) l)LjI 

2/x 

x L$ lf' o j— JL* jtjl 

2/(x + 4) 

(x+ 4) (J-c- jl* OU 

3 4 

4jyjf 3 y Aj^u 

4 

X 

AjuJ iy X 

(x + 3) 4 

4*Jjt aji (x +3) 


4 hjMjll JIxaD (jaaxj 


lit .ilApi i Js- Jaii ^Jl 5ja_—Jl Ja*i, a-Lfc 

3 = 3 

3 + 5 = 4 + 4 
1,000,000= 1 0 6 
- (- 20 ) = 20 

ji iJ*l ^a\ ’ij^u ( _jl£ i jl-i-) {j* yA ^Z-ij ^ (J ji ' 

viJUi { Js- ili»i tjjAj ,j£'\ 

3 +5 = 4 + 4 = 10-2 

1,000,000 = 1,000 x 1 ,000 = 10 3 x 10 3 = 10 6 

-(-20) = -1 x (-20) = 20 

. i j^' J g - - ; ^1. UjUl oN ^ 4 

Jaii a 4 a o ^ s- iS y£j o>N y*z* ( _ J U o>Nal*il Jmu (j y t- 

f ^ ^ {fix 0^ l) V Ol-a-ty ^yaju (3 $*■+*■* a-Li O _^j_ L*JLP 

*+» > y y>*zj* y^~ iUll ^^3 j» ) «Jla ,tz>V LA«La"tj 0 ^ 

x + 5 = 8 
x = 2y + 3 



Adityj c^aJlj JjS' J-flfl)' 


x + y + z = 0 


x 4 = y 5 
y = 3x - 5 
x 2 + 2x + 1 = 0 

* * 

. 4j <— AP^*_£ AjI£ 3 £JL) 4-IjL* djji-y? I — ^ j£-. d-ilp 

aJ} y jJl y ji L* J,l jy^. j*pta yH s y * j ^Ap JU- 3 o^^>wdlj JxbM (J y~ J — 5 

* 0 

. 4j-U£S/1 AP^*-£ ^y (J^Sn c .fl «/3 < ll (Jj An>l^ <3 ^ j£~. dilp . A^LvJkl «5JL^z^ 

lj j>p 299,792 Lo yiJ ^Ij) y&\ 3 ^y3\ *s-y J,i y y m c y ^JLiJl Jli — Ll 
y^i\ c^l ie y y^\ JVsU .(ajuJI jAX, I^p U> •>! 299, 792, 000 j lUUlli ^jiA* 

. U yj 2.71 828 

A hu u\W £auaJt (jiaau 

dl^L**>Jki ^ vxo^f I <_) ^yrSL**S~ UbkAjj^- Aa»»J n J1 , * ■ /? Lo^aj L«j 1^ l l ^J§ 

tju j ^jlj Ai^vaJi y jy*3\ -Up p-$ll ^ .^A ' ^ cj V^>lj J>\ oljLxJl Jfi. — *j 3 ^-* ^ JJ 

, oL^SsJl ^JiC ISL*j AjtjvaJl dJLft jlSC* ^jUJl i-3yu ii.«£ C-jI jiJl (^r^ 

b ^^3 .((1-1) a>-L^w» Aw^ y? 6 aUL-j 

0^3* .dJLpliJl (^ij^lp ( jSLio l^LL* (jllA^j) ^Ujj*>U /zj i(jll*S(lj) J : )q?.~ li dJ plaJ 

:(Aaj ^ ll jl^Alj) y4 Jjal— il O-L^* LfeJjp 

A = bh 



,A ih <1^1* j^Lij jlj i.b Ifl jl» Sjc-Uj JjWiMMi :(1-1) JUkfl 

<p 

dJpl# (J^JaJ b y^3 .((2-1) ^J^-iJl) <^...li i l A>-l**w* Ui AJfcLJL^ 4 ju — *p JL >r j—j 

Ip-Up .SjpLaJI ^1 p L>*UL« (jli«S/^) /z t(jli^Sl^) 

:^j> (a*j ^ ll jb.^L) y4 Uuliil a^L^. 



h&r\ y> : yup <yLll 



.A a ^1 ih <1 £*IL» :(2“1) 


A - bh/2 


jw djL-Jl jf yiJ .y* jjlj if^Jaiil iiL-ib <iLcii AjwiJI jL^\'l y^u JL^tJ 

i-^j '» jJb'kt 1 J> j}-\ jSLi ,((3-1) j£^Jl) r ^-~‘ fU Jij» J# (oliJL s i^C Is-J-J, 

«j.^ilij (jU«S/Ij) » jSaJI «j> ^ e It l^nlaii ^31 iiL-II LJ k<cu» 




d-st 

cj 1-L>- jj! y !aajL-JI ^^ail { yu IS^ l yt L5^a li| -Ix^ 1 ^— ^ 

J AS- j, — 11 ^ayuj tj^lyiL Jajuj 4 jLl^S| W L*Jb C^lil — Ll ^JcuJ ,l^Ja fcf 

ydilLj d ^ j aaj yl 5-u> jJL» ^ te) £— p j-« liLJ 1 i>-L-it £_w? 

y*H il J-*lyu c_> yj i^-jI y jjbol < l]a^ . OlJj>- jJl aJLL A , , d ;1\j O yli dj!xj y ■ .,<? H ^Jj 


JjjaJJl <>ljfr 

jJ.1 V-i-i ~*-^yr‘'' u . A — il ii j*£. v__£ y iiil p> p\ .(1— 1 ) tjl 4- — >U -> — 1> 

j ^-Ji ^jA JL>-1 jjl £ JLl yll ^dJ ol <W>lyM lj^ J y &> JJ Ll 

l ^ l £- ( 1 — 1 ) J^iJl 4jwajl i^U^3 L^oC 1 jj . -L>-1 jjl ^Ll yil ^ Aju y y ] ^50 Jl j >■ 






jluSfb J-ku-Al ^UjM ^ h <(J*%) Jafei^ll dJL^li J b jQ : JL-Jl JSLi_ii 
(ajw ^ ll L^> jJIj) ^4 JJai~il o-L~* Ujlp j .dOpUll JLp ^ ^*Ip J$Liu L*UL* 

A.= 1,550 bh 

jA. L*J»LP Lu ^ ll L<2 jJL O-L-Al k_J9 yu jl -0 y jJLil ^lil ,(2“1) ^J^-LJI (J,) iS J>~\ * y* jiaif 

4-O-I^Jl £j ^ll ^Jlitjl Aju jA A+p j> 144 <X>r .^AaJL APLLjIj L.«lllll ft^Apli Jj-j— -■*«^ 

lJALI SupU J jUyx b j£J : J,Lll j£jJl JLp (2- I ) j£-iJl j Lu^l *pL-^ oIpI l£c Jdl, j 
U -Up j .aJipUjl ^JLp ^*Ip L>iIJL* - ) L-Hl ^U; y&£ h — 5j c(^J — a3L) 

‘^A(Lu ^ ll <Utf jJIj) ^4 il-ltll 4 j>-L^w* 

A = 744 M/2 
= (744/2) M 
= 72 bh 

JJlIj SjL~Jl Lfrlajai ^1 LL*Al l_ 3 yu jl Jo Ji tilil ( jP jZ*\ .(3-1) j J^LtJl ^1 i£ j>-\ o jA j - — ]ajl 
^J-Al Oy O^Jtll t—J 9 jju <j\ tijAL ( Jui*jJ . <pL-J\j /^*jJl A^j V i3\j ^ JuflJlj 4P j— Jl ^jP j±**sS\ .L P 

^jlaJIj i ^> Jl <^jj^LaJl capL-JIj y*A ^1 jij aJUJIj ^jj ^Jj ^>*2 .aJLJIj ^Jiillj 4C.1 — It. 

4<pLJL) ap j+* 2 \ j 4^)2l1j <LL«Al '. I ^ *p «■> 4jsj1^l* LaJLp y\ j^^i.. .0.6818 

SjUJl jf ^ ^1 : JhJt JSLiJ! (3-1) jSC^I ^ ^bT oIpI ^50: .apLJIj jaJ\ j j 
* 

d j^al t *((^ — 1) ^l^-Ij) ^-aALwm^* (^i j& ^lp" (4^j liilj ^-LajL) 5 1 ^ AP^**u jw. J 

Ajl^s]\j a^a j Jl ft fjiaJi (Jj (^JJklj) djL***Jl l ^ ^3 1 d LaJjp ^.jg a++* . (apL**31j) a**m a«*j 

d= 0.6818 st 

^Jl ^-VP l- 3 jiu L* 0] . ftUJfc 

ftjjb ^-Lj ^ ^flj Jj .<pLJ1 j yji ^wU-j t ( J s U flJliSb ^-Ipj c^JLfljl J IJU-PJ Lj ill 

^Jl SijJl ^jA j£\ 43^j ^*1 ^P ^S’ U--P J 'C ^ J — — AJJ oIjL**-.-^I 
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iLjpljjU IU*i y : jLfi tjlJt 


: Je^Ji J jLw y ^1 j j (NIST) 

http://www. nist.gov 

t p j A 1 1 ^Li £3^ y ^j P <J jwcJ\ (Ji J> i- i— 1^1 

L^! * O* jr-*J ti— >tl^Jl \-i> (j ^Lp — *- 1( J Uj 

.%J1 


.l&Jj JjaJLt (jljfcl\ 

Li £j j ^Jl jS^)i\ l L /'^ Liij l_fl y*< 7 ~ ^Lp (j c. *-j3 

J^-C.J & tyl Ot- iJjimJ'. !jj>-!j y ytJi* Liui jj>~f j <J y**l+ Jj</f &Pr jjJf <JjiiLA ^PJJ . ^>«_L Ll 

: JB ^U5i JSLiJU L^liT 


ax-t b ~ 0 

* 

. i-L*j ^Jj*- UJta oV^L**JJ b .(J y\^» Xj <y bj O l)J lL- 


J-ia-fl j* U 

jSLiJl) 3^iP$7 p Lij (j^-Ul j-AaM 4jL yLd-l <_^aj ^c'j jt^ (3^**^ u — -^L 

y * ■; a-\J*j *v^-LJ-Aj ^ j.ai**' Up U ..„ .‘U i t^JLJi c-L^oS/l 0 yJp^t J>\ ^PJL — -* . ((4 _ 1) 

.7ij (2 3^*JJ ^*-i j vii-ij t22.55j <*-7 j <0 ^p 

^La^I 3-AjtSl jjh L* , — l 3 JjJJ ^»-J -L>- C ^i-A^-l j&P 3 -AaH *“~1 L*-P (JpL~Jj C— 

.^jlp jjlp y j^~ - - - ^ . I jl^S^ V ^ — 1 3-LaJI ^i L p 1 1.- ^*- <j~~Ji-j ajj 

jJLi-t OJ . jA-& y b jji-^ 3 JLaJI £j j\j ^Uiajl *w *>- y sXt' iJLf- y ( j^' j 

.(4-1) (j ^w>jil ^ ..a’u^ a 1 aL.-^ - j>-^ jlSL (j y\\ 

< 1 II I 11 I H I } M I I I M ► 

-8 -6 -4 ‘2 0 2 4 6 8 

|% Ji^ Jai. ^ic. JaUj£ li4_^jj ^-IJLJL^J 1 jl^V^ (JjuWJ (j^-4J ^4~ 1^ all 

^ * i 

^i*- 1 ( - $ J *^- jy*u c bJjJi <jL*Jl jfJ-& tyf ^Js' 1-i-A (j vjJli y.M 

j (J (3 jS/1 o)|aLu j I LjJL^I (ju <^JL1 J yj O^fl L«P^ j . Ag.av j^P 

4J1 aVI 

. Jj>~I j 3^ijjr. aJ^L*-* ^LJl ^La!I 3»i ^-fLi ^ ~«~ 

4JLjJ\ (Jl^J^I 



Aitityj :Jjty 


cx = d 
x = m/n 

J y^S. J,jS|l 4>-jX Jl *ii*S[l oi-A .17 ^ #J Hj t/Wj tc/j tC jj c!~; — >- 

I JL>-lj 

4x-8 = 0 
-7t x = 22 
3ex = c 
x = n/c 

cU ^Jo3 jl o yljJl Ja-jS- 4_j JiC ^Ilj i/9 > ^’/ ^jijJtlb Cj t£j c7t ^-L *il «1 — * j 

.£j 7t CjI jiD Ol~L>-J JL >rji V l jiA pi jaal l <3 pjLaJl 4 Pj-^j l ^ ^ySll — p15j 

: UxJl ZCJL* iZ^jfjdb ^P-Uj 43 J*p ilJtpl 

tt ^3.14159 
e ^2.71828 

4 

,oiJL>- jjl ^ lil /yc* ^1 c c~>LJl 'il . J L ysJ jL~* 43jjaAil 51 jL.m 11 o j 1 — JJ ^ — *2 

\(km/s ) 5JL1U ^ yLS" jf (mi/s) ajDL JAlS" c^p^Jl c^1jl>- y -up jwcJl 

c ^ 186,282 mi/s 
c ^ 299 \ 792 km/s 

Jaj l-L& 

^1p oJ->-jJ J J>ijll j g Jr3j (jl <*_*-£ . 4-fcw^ 1-^1 j J^J 4-4*a1“1 (3 < *T^ : J 1- 

^yaxj .J^rjj J-lP yLp yOifl (wJlJfl (Jj ®jL*Jl jl <*_^3“j oljL*ll ©jLi^f — j^/I ( w ^ )ll-l 

! Jy>ull 4*j& ^jp Oj^jtil ojUJl ^1 p 3 j«,a>JJ <L*a>*_l^- 1I oLiiiil 

. <Ltat*ll j J>1 1 ^ .m5i 4iL/?l ® 

. sAbil ^ ^ jr^ Ifr** 4 m^5vJ1 ^ jb ® 
.L^-uij Ajj^SsJVj SjjLil J v-j j^p • 
.L^i; 4 m^53i ^1p 4 J 3 LI 1 j 4 ^*m3 • 

(^1 jj>w*j tc^l jjj t^lJ-pl ^jIp oUI y^'yi fll-A y* c^l (3 ^L-ll 4 m^J 1 ^ jX^J jl 

<-3j^la ^1 jfl * /gl l (^jLmJ jl jltoXi* (^1 ^jJ-P jf ^ip 4^wJlJl I J->-lj ^Aj>r jJ -P^J** 

.43yc4 jjP yL^J Jp 2U-^i)l I Lj^o jJJii u--*- jl ,4JL>»l-w* 



jil hor\ jA : jLt? 


'<J o ja iiLJl ol yu&\ j 0 jjS"jlL 1 oV^Ull jL^Vl tjyy -U-U 

4x - 8 = 0 
- TLX = 22 
3ex = c 
x = tl/c 

-4 i3iUil (j Jo p y -.aj f Cl — > Jo JS3 8 ^jS/' i3^Uii ( J>- i'fjjz 

4x-8 ~ 0 
4x - 8 
x = 8/4 — 2 

-1 ihUil /fj? <-j j^> { tic l? Ia ihUil ^Jcj ihUil J>- 

-kx = 22 
-x = 22M 
x = -22/ti 
x 22/3.14159 
x**- 7.00282 

f cA— ^>Lll cl ^aa\\ (j c^Jajl ip j*“) C i j£ r Vjf ji-jcJli iiJliJl 5-talall >- (j£j £ 

.3 ^Js> ^jjo p- y -^ jj *(£ ^ 2.71828 u! lL-*-) e ir* p 

f .c **299,192 km/s c jj-u; ^ ^ <j* J** ^ 

_fex = c 

(3 x 2. 71828) x ^ 299, 792 km/s 
3x ** (299, 792/2 . 71828) km/s ^ 110,287 km/s 
x ** (1 10,287/3) km/s ** 36,762.3 km/s 

^ 0wL> lja~i , j\ ^». t. v\j ^aJlII j 6 j-^L>- c^l-x>-^Si c— j £ <jl l* •*- V 

. (ip ^ V C(jCLcuL*Ji ^j^taLall ^p 

li^J^P i— j ^1? (j i ^ — .i ll 4.1 a P cl VI **jl J>\ iJ^Lall V 

f .c ** 186,282 mi/s 0^1 j p ip^ a>- 

X = Tt/C 

* **3.14159/ (186,282 mi/s) 

ut (^1 lL$JU ^-—/z cUa C4j J kJ| 4jL*il J^) (j “^-P 




iotyj : Jjty 


: Ji .(s/mi) ajIJ Jl olilb J, y£ jJJSj .*j jUail 5 a>- ^Ji ^ ^Ll» .A^t 

JC ^(3.14159/186,282) s/mi 
x ^ 0.0000168647 s/mi 

^ 01 J>r ciJJjj -Up t<P j— H ( ^p iolp 5JL ^1? — i N 

. 5iL— * JU&}0 0.00001686475’ oj-xi 3 y£~~j x -J4 


j Jjaa4 AajAH CH&*. a 

* * 0 0 * * 

ULp jl Ajldf 4*? jjJi <JjLtX'. IjL^f j )/ j>±1* Ijajl Jj>-fj <J iJitll &? jjJf 4 bit* ^ Pjj 

(jSluJlj l^j \s£* /^JTj t A-Jtjj jd\ sjilxib 

ax 2 + fct + c =0 

j^j j! .(* ^oJl tej** Jl La c c-iUll N) -J jcj 4C~*t jJ tcj ca jj d~>- 

iJLi j j£j *)/ jl /^vC jl 4^A*i>- -3-bu JL>-lj j J>- jl t j")L»- ^jjl U — A 

. ^IjlpIj (J^JL^ 

A&«Vl (jiaau 

t 

aLjJI ,a-aj jJ aJ^Ia* JjI — ) l t$L y£- aJ^Ia. 

mx 2 + nx — p 

q x 2 = rx + s 
(x + 0 (x + u) = 0 

:a-*-j jdt aJjUII ^ ^/iai o-l»_j . ojI _jj mj itj isj irj iqj ipj mj im 01 <-t~>- 

x* + 2 x + 1 = 0 

-3x 2 -4x = 2 

4 x 2 = - 3 x + 5 
(x+ 4 ) (x- 5 ) = 0 


£ * J *& (A t * 3 *** 3 

<< 

( JjL| a]o>~ ^SsJ LI .JA-I y*v? ^^(1 4 -^j j2>\ { ji^ Ju . O j — & 

t\J&r J,] jl ^A-LiJi aJ^UII J L*l ^ *]&>- jU ^ j jJ 

oj^L>r Lil .^*>1 *a)I aj AjLL—JI aJ^IxII 

. # 

J— ' J-Uj 



jJU 4a : jiufi wjLJi 


JA 2 (^UJt j£ill J] ijUl ikbili JijA ^i. 

-3x* -4x = 2 

-3x 2 -4x-2 = 0 

JT ^ 5 c > f 5 ribuL) j> Jj 3x UU^ ^-Lili jSoJl Jl dll ibULl ^ 

4x> = -3x + 5 
4x* + 3x = 5 

4x 2 + 3x-5 = 0 

o'ibUll j* jSLiJl Ilk tUUl i fi a i i .y^. tl-b>r j£i Js. W,_Jl i_JjUil Jj 

t LgJj Jail .J^p d^i ^lill Oj.3 l^l** oL^-i^l 

(* + 4) (x - 5) = 0 

jl" IjJ .1 yip ijl*LjJl ^jA Ijl I jA+0 Sljl Ll fljLil ^jA j* o^l tw-ill'l J fljLkil j j. ‘nJ 

iIjIjII ix = — 4 

(-4 + 4)(-4-5) = 0 

Ox -9 = 0 

itaUi .1 ^oJ < x =5 OlT I jl 

(5 + ^)(5-J) = 0 

9*0 = 0 

J^-i . Aj yl^ll ^Jl (J yL>- ■ M I d^l *^- , '}/y>d*l l*^T y ll d ♦ 

. J>lp JS^ <j Oil _yU (' lUl) d^A-l u-^IkII Jb=- Jai> .Jl yP tlJj>!- 

iJ^Jjl Jl ClU Jl iljUil (jt y Jl , I 4 PWP y L_-l lOl »Jj>-l_J ill J ( JL%A| ^y* 

*(* + J) = 0 

^ i j^ i *< ii fg ip ^ii-ii dik j Lkj^pAj 

(X + 0) (X + 3) = 0 

.x = -3 ji x = 0 J JU ol d y 1' * Jl* 

JJbi; -L>-lj Ja- Ia-j J l iJjUJ j -Aj <jl Ilk AjIJj (J Li J i JLfti io...i -U * * ■ £ Ijl 

ijlyp frllar J^j Jp iijl* yp Jl* llkj 1 ( ^aJl> 

(*-7)(*-7) = 0 

- ^ A * 

jAp j^JLp- i!j\jtil aJLA jl i V j ^] aj c 3 yji LlA- j^w?L» Jj — a j > 

* * * * . 

,7 IJb-ij {yLy>- LjjAp a-Lt jl £ J jAj ^>J j ,7 j 




S * iS'j : JjS ' 


Ajjuj jjII 

:LiL. U»U /■> ^jdUl iillillj JJlill udiUil Jl ly. jjail 

-3x 2 — 4x = 2 

4x 2 = -3x + 5 

jjuLft ■ l ^'* > -~ U^L _po j 

-3jc j - 4x - 2 = 0 
4x 2 + 3x- 5 = 0 

n> * 

f.i^r (J.1 y£- ^1p J-s^ CM Lij (jy^® l$ -^— -i 

^jSLc «L>Cw ? Jj>T cJfljLl . <JU*^JJ ii j-L* *»# <jP Jf.U*slJ Ji AjI«J| (Jj .^j-^- ^gip V J Jj 

<» 

A^jJUll ^ *VJU M 4jLi«Jl 0 Ajcj^ail oJUfc .<L*l*jl aJL^- 1 (j A^fcj j-*-^ O^/^Ull ,JjL 1^*1 J>»J «-l 

* 

.^IjwJl f o^Lp L^Ijaij 

! Ju>“ I j J Ajltll 4j>rjjJi H-Sbc* (£ y\ 5 y* jLipVI jjyc j>- 
ax 2 + &c + c = 0 

’. An*<k^a\\ O-Lfc ^lJb*I**lj aJ-SIaII O-iit ^J-^-l 

x = \-b ±(b 2 -4acf\/2a 

Aij jb d-L*j M i jpj\j jl jtflj y* Ji\ Uu \jAj . ± y* J>\ ^ J.jS/1 • La L^<?y JUlaii 
3JLC L»Jup . y Jl <3 oLLJl la» ./a 1 *yl£L» b£| .aJ^-lj ojLp (3 yil (jy jL*jl 

yzi^a:* ^jyiLljc* ^Lp J-sA^- Lili AiL«Jl aL jw^ll aLUII 

x = [- 6 + (Z> 2 - 4ac) y ’Y2a 
x = [-b-{b 2 -4acfV2a 

* * 

Li j>* tiLi j] t Lw. Jg a Ua^ i j~2 dJlii .(S y^S ^ y aJLII aJ 2 - 4 ; il 

( j^awJ <wuilj ^y* AjI .yKtjjd] jLrLl yS> >-\ A JUj L ^ c /4 1 j Hi 

^Js* ^wUU jjJrl ajLS" c^U .j*LLl »jL^I ajL^" y V-L V 2 5^Hl ajLS" ^L>t i^l 

«» 

^.Lii^iL z ^wUi) Huj^I ^i]\ L^ajl Jj z i-bJl yJ] -LjLj i j~2 Jj L . 1/z 5 j i ^JSs i 

.yL^Jl 


JUk^l 


0 j* » jj » ^ashii\ 


-3x 2 -4x-2 = 0 



j* : yufi 


a = -3 
b = -4- 
c = -2 




o%.Ull 


^ ju yiit ^3 jIjlp jfl ojjfc (jL>o| ‘’r '. . j 

X = { 4 ± [(-4) 2 - (4 X -3 X -2)] y '}/(2 X -3) 

= ■ 4 ±(16- -24f/-6 
= 4 ± (Sf/-6 


^jl £jA 4j| •“ 8 ^ J*y ^ Juij 

* 

# 1_4j L* 1 ^ ^ i u^ 


rt <JLia J jjC n jIjpVI friA 

j^w ./i ^ ( j i A. I. P^zJl ^PJb^ ( — 1 ^JLaU jjJrl L^i ^ 

* 

.illLib ^ iJDj <y ^ yJ-U ^ o^Lp 0 fUL*jl ./ 

j Jju fl^Lp g ^iLi^-l iJbJl .q L» 2^. j ‘-r> ^L j£ - 3JLp <JLp J ^4^-1 O^- 

* * s * * 

. -y JL*j q jJLaU ^flUai\ i >- I^jlp q ^ l taj . ^ ^ q taj ■ * 1 

:>lApty jp 2lt.! -y'rcj </2.787j i-y5j iy3 ^1 -lp-S/I j£^J 

^ OJ .4-iLiU .alJLpty Lil>4 Ljf ol-lpty < ^1 p .^JipS/I <p J- ii t ^r— _S3^ 

< ^ 5 1pj <*j y*iJi <j L^j .^tjJl5" <J jUjliai> ^ap^I L aJ^-\ jU p^I 

4^.) A . A ■ A.~i- 1 ^ ^Ap^j/l ^%P |a 37 JLar^j , ^ *^A i - -— /* ^/j ^»_P 

<L*wzJL . ^Avojl ^ jZ-£*j* 

7*0 = 0 

^-btU ^L*Jl J (^5 ^^" l!/* iJUtli 

■T 

k=p+jq 

t <JLL>- jIjlpI q^ p j| 

ilJLP^Il Jj jlJLP^Il ipj ^- 3 r (0 j~ * C?lj J>\ js . , - } 

^ 4j>*^nJl .j^iS\ pj J\ JLlP jUJsUyj ^UjI» ^ ^ 

* s * 

Ujlap Ijjlp JjUj ^ l.x^ (_j ^JiA) oj -((5 — 1) 6Jl*\jll* oL tt. i^»1 ^ ^.... > 

,<_£ ^ oJj>-ij ^jaAi ^Lij Jlap jJip j 



j i j <o*!)aUIi : JjSl 



/*> • 

jA ^ 


4^ ^ Ute L >-j i^Sf! JA-j ‘*(5-1) 

. <-ajIs <j jl j 1 <a^ n i ^jjk&i+xA A liiJ jj S a 

*~~Jj 4-^ljJj 4 -— p y Lc,j cSjJLajlH ^1-LpSM ^J-Jk-aJ^ O^fl c3 jm3 <iJjl Lc. 

uj yjl ^ y*8 ^JLp :^.ll c r -i < x ^* .(— 8) (-fy^ 

A . :aM/ X 


■a^' ^ sjjc 

eJlA Jl (_£ y>- \ d y* ^JsL*l 

4x 2 + 3x-5 = 0 


^a La 

a = 4 
b = 3 
c ~ -5 

> 

4^uj yJi A* t ^a\\ Jj c^*)L*l*ll Jl>oj ^ yH 

X = {-3 ± [3 2 - (4 x 4 x -5)] yi }/(2x^) 

= -3 ± (9 + 80f}/8 
= -3 ± (89f /8 



jil 4*yl y : jLfi <-jU1 


Ail y L$ A^P JLlP .£*Py* t w 5 ^r A ^ -^Op yP $P JJL*U yjJrl L>| 

0»Lll>- C J 4*; jMSj AI^J j y^J . AiJj ollS" N ^j&y lO j& { ^JL -l£jJ* Jt Pj ^ jfc P 

J^V> .9.434 


x^-3 ± 9.434/8 

. A«~J yt C->LJL*-P ^tj fLiil jjj jjvi ^ypJLP Jp Jy*aJ-\j 

L yl*j y of J^AdJ tOJ^J y AjLil fiOA lj>] . JJ4 ^^Lp Jy^iJ-1 aJI yrj CJ — 

^Lili ^Jau-J oLJ-l oULjJl f.\ yv^j OJL-ij £*Py N ofj c£ y*-! 5 y* A4 jL-J 1 ^L-J^l 

Oj^ U 


a^i j JjaIaj y&SM aa jaJI y 4 

ylj 'u* j y-i iLfii jcwy 4 yf_, yl j c^uj ^ < _ J — -Sii ^wi j L»JLp 

JLpL-j 4^yJl . dJL^fT ^|>- j yx-Jail ^J^aJly t&jtva Jl C~*^l -j ct^O * ,1-L aaj 

jl^P yP Oj£-S^ l£ yi) APyj y* 0 >< Vy>OX. 0>N ^lp (J^^** 0 * Afl-^rly* OlP frLUjJl yy«*^il 

— A^t-jjji ^y^Ltiij i^LjLi Ls^y^iniij jtt ^y^ijtiij i «jd// ^ y^uJii <*/$ yti~^ 

. ok-J1 o»Lv?Ij ^ il (j 4j*jJlj* L r -^\J ^jJ-l oLJI j>-\ ii yj*- ySllj w 


<xu*£il1 4ijbuJi 


( y# iJjlAlb iJL^fj y f yxi* yl Jj>-Ij (J j^lc. ill id I ipt-jjJ! iJjLtX. lOajf A - — ^tdCdi ^,J jL*ii ^ — pJJ 

: JUI ^LSH jSUj A^ 

ax 3 + bx 2 + cx + d=0 


>jjl 


Jj yLl tUaiil j fryOaJl APyx JJ Lfc c y»y V) . J yK^* Xj <C-jly dj c Cj c bj c a OJ 0^ — >- 
(J yi^“^ yp frlJOr aJL^S*" ^Jjy^- ly^L* Oy^^-- cU^yjfl^- l1 *jS* 1^1 ,^L*lp Lj\j ( Ji X. 

Uj C^J cr AJLJbU 


(x - r) (x - s) (x - /) = 0 

0L>-Sfl ^ya ju (j OJJi Oy^J yP ^1 ^J^ljiil d ^ y£- ^ip OAj j-\J P -Ok->J V 

^ . iij A) yx^ail AjJb i^lp yP aJLaP 


VWj® 


iivfjJi A? t-jjJi iljbtlb yi fJ^yXW, ixjljJl jjJf <Jj(jtX, LOa^t A-P^y // A—.Jjbtlf ^ POj 

: JUl ^vLiJi ( J$LjJl Jp 1 ^-l>L^T tU>/^ (Jyxif. 

ax 4 + ZjX 3 + cx^ + dx + ^ 0 



j j cO^Ul! : J jVl 


4 ^Uaiji J ip j~J La c y y ^J) . J y^» Xj 4 C^I^ £j crfj cCj tZ)j 4 a Oj cLj — >■ 

4JLL? 4 Jl^»l iiLfc .(<jL~Jl ILa 3 *L*Lp y ©La ^Jj C L — v-SH ©JL—pLoU c j j 

ti/j c/j 453 4 t JjiL-l ^L£] cL ^4 (J^ ital*A ^>*i 5 

(x ~ r) (x - 5) (x - /) (x - u) = 0 

y^ ^l 4mp\j ^Jl ibLit t, " •!**" ■ Li 4LLI1 3 LL"" L>^. la.^ 0 ..,.*■»> 

.iS j 4 *~> LaJL>- J injji JLb j 


APt-yOJl aJjLlIL ^ JL^fy (J y>%JZ£. A?r jOJf aJjLlC, 1 «<ajl A^'LoJ^-I aJjLxJ .1 ^ PUj 

:JL]1 ^ % *Lii]l p L^IjIxS^ 4 0 >-fy (J 

ax 5 + bx 4 + cx 3 + dx 2 + ex+ f- 0 

'Jj 4 ^Uaiji 3 f, ^yS\ ip L a c yy N) . J xj 4 C~>lj? tej <.dj 4 cj 4 &j 4 a 01 d-?- 

4 *<**»LjM ibbil olS^I 01 .^3Lw0l ILa 3 i*Lp cL^^L- 1 ©La ^ijr 4<**^^|l ©xpLiLi £ j Ay 

•Vy uj 4 /j 4 $ j 4 r LL*L>- J^L>* i~>* LIj iLtd> LjlSb»i ^a J^* 1 jP *b>- I4L 

(x - r) (x - 5 ) (x - /) (x - u) (x - v) = 0 

j! i^/UiU ibbll Jj y£- cjik^l LI LpL> ^J l j ibLil 3 LL" L> LaJ-lp 0 ^Sb; 

.iblftll i >r y jl ©y ©^^Jj JslL -1 (J^L' J& (-\X>r 

n 4a, jilt (j-a 4Jitx4]t 

: JU^ ^UJl JSLiJl ^jIp jl>-I j J /? i^- jJJl ^ ii^Lil i>liS" ^-^Ic 
a 7 x rt + ay ? 1 + a^x" -2 + ... + a n _y + a^ 7 x + a n = 0 
©La Jj iijLxj:. i-LL! iJlL -1 3 Lalja-* ^S^ij ^ . J XJ 4C-ji^ a rt 4... 4a 2 4 a 1 0 ] d— — >- 

^j>- w,L)aIj . ©X45" y£- LLjiJ i yu '^ >r y jp ^|JL>- Jl A. bLil 

* * * , ^ 

. 1 -ijr I \ ./a < !>Up ^1 Jj>uw< I ©JL^S*" O^^^Iaa 

^frljLuJt uLu^lt 


.©L^-'b/lj iJL jiaJl ! (jyjjii* (jy^Lp ^luJlJl 0 JL 1 C 4 L jygtfll ILa a j!Jj 3 ^ j 

4 Jjlixl 3 .^jL-jJ|j tip j*Jl ^L*d J (.ly]^ yh! «.b^iJl 3 4 j» T 

iL^l? Li (jjl l 5^ j y^ ^ XxLl ij^L>~i i^^y to^LLLJU aJ-aL>i j!jlp^/i ^ pjg 

. ikSvJtj 4©jl j^y^ oLL iLlS" oLLLJl jU*j . iaii 



OLJpLjI) 4m*-\ i ja : Jup cjUt 


jbuVi Aju&\ 

cii sLh»jJu* Jj xy (_£ ^Xj ^Jjb teJL»l*iil c^Lol J l >-^/1 j S^J U 7 & 

ij JiPlx-i i y>rj .(o jl^ji ^v»L J! 5— -i) (Jjl^jJil (_s OL»-*i/l (_/**; ij wUi ^ — c-Jj 

toV j* eJtbt J^Lij ^p Ja£ SjIp v-^") -bj a U^g* ^J ii 

1-Lll j laiUij <j^pl aJL 5" cM jt** 0 ^ ‘(c^^ 4 fl^lp o*>U — 

*> *> t 
,U» Ua_— i }Li£ (6-1) j£-iJl jw»_)i .t5>u~Ll t) lS^I Jl (0,6) 

S-=& •(*/,, }),) 4-^' b AjL^-JI ikijj (X a , y a ) a ^Uil) ijL^Jl ijaij jt J» p\ 

i | a | J* a si> 

* a + b 



|a| = {x a 2 +y a 2 f 

bja j_j$y 

a + b = [(x a + x i ), O a + y b )} 

0 

JtiiU j t jjj ^U* i* jyJu? b^a i£j\ y* f\x> ^ yJ^\ IJu iL£l 

.^yx^i\ <£j\y* Jz* j* a + b £ J^rl Oj£j 

^jt-waJU ^a*a>- ^JLp b ^ 3 <j^pl*-iJJ t^JLJl frfJiA-f d^i J 

a. *=Jc fl x ft + y fl ^ 

^pUJlJI jig x b Jp (w^sjj L^&L*jJf t!x£-L UojI l-JL^zII tljJLf ^Ju 





J Oy. Ot • b^ a ^»xsM ^^ivwl' b j & 

4 j^pUJiJl ys' (jyl (jjJ\ (J jiwJj j (JX 4 v>U- 5JI y <jai 4pLJl ^ jUp Lr ^iw 4 ^li* tb 

4w^«/al\j <uL y& j jJLaL^Ij a x b 4 ^j JbJbj .q 

|a x b| = |a| |b| sw q 

jU^I ^ ^ U»a ^ 4*<iVl 

4 ^yjf JjlSCjJf ^L^jifb UijI xyZ tUaiii *Uai JJ £— 0^'j 

.Ua-«^» L>w*> U* j (7-1) -^py ,(Q ,0 ,0) ^«J-ll ^y» a^s> IS" b/ a p -** j 

.(x^ y h z b ) b hlfS\ aJaiJj (x a , y a , z a ) a ^UJUU *UiJ ot ^ 

| a | JSLiJl ^Js- a ^UaJI 4l ^ .^j£j 

|a| = (x 2 + y 2 +z 2 f 

11 v a y a a 

bja <j^y*£; 

a + b = [ (x a + x A ), (y a + j/*), (z a + z b )\ 


y 



• JbuVl ^xyz ill ^ ^uA\ :(7-l) JUJI 


^jLj £.\*pjd\ <Ul>- J$ L*S^ 4LwJ«XLft ^ 3L_£i ^Lc 

yj» jU* a + b ^ y>£\ OjSCjj .^jjjb?ijil AyLp bja Olplx-iJi 
^Joju ^b^>- n* y xyz *UaiJ! c$ b j a ovpU-iJLl a . b Ca5 i^J' 

qZZy\s- .*>Uj j^sOlil Jubc* XyZ s^UaiJl <j b J a a X b ^JUalii s-U^rl j>I*j 



CJip&b jJJ y : jiup olji 


dL f J^ iby a uiP-l^-iJl y J£" t/-U' p <s y— 1 ' ^ 

|a x b| = |a| |b| sin q 

^Ldjjl alyl .p iS y~ i' t $ by a o^pUoJI y> ~aa j! jJl q l L--SP y $/'« q 01 tL-^- 

*■ 

p <jy~l\ ^Js> t^iy LJl U iiii y by a Jl <jj ^ bl .p is y-A! Li yU a x b 

tipLJl l_j jLip ^^ji| b y a <yj q ajjI^JI yLij c— tixil ^ p <S y— bl £-* <y-iiij 

.OJUlyL Ujlp ax b <.UbO Ob 

^IjS <jiM4 

.i*- ifyl ^-*y> <jy 1 yJl yuu a Jub .JjibOl .^IJLpS/I V cJLp! yJJ b JLp 

£ 

AA&J Ui yilll 

5L ji? y y? y^ tyJLJl iJuJU lOaji iS^ c ^iLi->- ^L*-0 *y y ~L — p 

oLO^ I ^yfCjLj l*»r y t yJL~Jl iJbJl Ob" bl j*mZj V LjLi abr'l/l ^y-j ■ jy-l—Jl ^< 1 ^ 1 ?^ 

.UL* yj'Jl :>JL*Jl Ob" bl 

4 oLajj 

y^pbO- by a OIS" bl . 4 *U*ji aa tj jL (^iil ^_-Jyil j aJ^Lix iiL* yii typb ^ ^ — p 


o^i 


a + b = b + a 


JA& - f lA^i 4 j\j Ijl 

Icj LpUA a Ob" bl . <0 ^ y£ ^iil ^ J yil J} }b t^ y JL* ^Oaj £^b-0 y ys> AiP 


Oli ULJb- I^JLp 


Aa = a k 


f lAaJl 4 oLajj 

Ob ^ypb-i b>a Ob" bl .AjciS/l yy y !)b c^bjiJl pl-iJrl ^.l y -1 J^P 

a. ft = b . a 


• ” • • * 

. Ju j yiil ( yp\-n...tJl i y y ^-bs-P JLLP J^pbjO ( JUaO .1 ^.IjJrl oL^-l ^*blnjj 



ifciS'j (O'SliUlt : J 


b x a = -(a x b) 

* *\W 

* •• •• • 

u^i Ijcif c j b j a uir lil f.1 j >7^ A ^ L ^' t-3 jlp 

(a + b) + c = a + (b + c) 

^ a ) lii JJ& ~ £lx*i f AJJLL4AJ 

l5 Ip iJUl ^clj .op^-Lw k 2 j kjj iU-U-i a 

*) (* 2 «) = (*1 * 2 ) ft 

AjjuJjj 

: l5 Ip 3lJ\J1 (_ 7 ^^ ^JLa>- ijiJipt k\ LpLh-^ a 

(k { + A^) a = £,a + A^a 
a ^| ~\~ k 2 ) aA, “t - aA^ A^a “t - A^>a 

$ 

^C-kAB £-4iJ1 jjlfr <JJUjjj 

.’ l jJLp 4 JUI ^j^aJJ JU\jj .L*Jl* \.a : a>- ta-lP k L j^-J j bj 8 ^jSvJ 

A: (a + b) = A:a + £b 

(a + b)A: = aAc + b£ = A* + At> 

^Uiil ije, <jJaiiJ1 fl^Jl A^Jjj 

;J* iJtJl oV^Uil 0 *i JUlj .i*if cj bj a j£J 
a.(b + c) = a.b + a.c 
(b + c).a = b.a + c.a = a.b + a.c 

^c>U«uJI ^4-* ft <jfl.uat. 4 lt ft-laJt AjjuJjj 

i^jLp- 3Jlih o*y jVaIi . AA-i! c j b j a t j^-J 

ax(b + c) = axb + axc 
(b + t)xa = b><a + txi 

= - (a x b) - (a x c) 

= -(axb + axc) 







iotyj : JjSl' 


?a . b «L4' _j> L* .VIjc?" b ili^i a ^ ibj a jU-U-iJl LjjJ i ^J .4 

.^5 j±i\ JuaJi (a) 

•C>‘ (b) 

.J^Ul (C) 

.U-Ui ^aiJl *UM ilk* Jlj SI (d) 

?a x b »L4i y> U .4 iJt-il t) OtjjTJJil OUlxJji L,jJ ^ .5 

jL-iJl (a) 

(b) 

■J^ 1 (c) 

.UUJ, fljJrt Jlj_- (d) 

AIa j_i3-l <w*£ l>* 44 JLjo ^ip (3 (j- 4 (_)^" ftJ -Ijp .6 

. ojIj <u — -jJt (a) 

■ <J_p^ (_5^p **-* — (b) 

.yL^Jt of l j&L ^1 ^^lp 4.^,-ftJi (C) 

. \ $ a i ^ip eJ* ^ls> ( JS^ 3 -t --* 

:aJUI o^*V*ll tlJULc <±~>- ax 2 + bx + c. ~ 0 Jp *jUi ^ 5J:>U^ LjjlJ .7 


= 2 
6 = 0 
c = 8 

6_Ub J jl>- J djjii oi <j£ji u 
,4.d.j>- jiJLt-f (a) 

,<i Uj£ :>UpI (b) 
,4 jJUp jlJLp! (c) 
.ital^il aJLA J^l>- * ( d > 

.3j.iL*il ftAA aJI 3 <Lila-iil a ^ l* .4x +5 — 0 sJ^UJl! LjjJ /^xJ .8 

* L - > > <J^ ^ 5 < a ) 

■* t> *-*> :L — i (b) 

■ X J>>odl. cJ> ^ JS" (C) 

. 0 ^ AjJIj cJ> ^ v y-b (d) 



CfL^phjU r' j* : jLfi wjLI' 


JT j ^Ji ol jLxjl ^ U ibj a j^pLcJuM .9 

• b jt H jj«* J LoJli jit (a) 

• * . 

•bj a jJt t) ji' a^>t (b) 

# * > . 

.bjsufjA cs y-il Li j-*U> ^11 ^UjJI j jXj (c) 

,4ijLJi ol jLxjl a jLp c 5? (d) 

jJJi c5 V SjLp Lij StjL-Jil ajLi^ ij a j— jS/t c-JLLi (j ^aJ ^ — ll a — tat*il jj .10 

ULjJ a~*£' JjJb^ii j*Jb*j^J j aljL-J.t djLil ^jA jj-cSft c-JLM Jj J 

.liu^ (a) 

• Jj^lt *** ja iJilfc* (b) 
.<L«bc* (C) 
.c-jL (d) 



2 




OLjsUjAJ y : yufi wJlJl 


'o-XqS' oIjLp 4j J^L lo — lij — S^oldt < ix,~ LJlj 

3 5 

-9.7755 n 


-16 x 

aJL^I vj; — j . 4jlLiP L C — j I ol 

JK f* 

c-Lba* (j kULJl .JJujo Jj jl 5 . j jS-L*Ji aJL>- (j j J jiSJ'y I a1i5^ //7 £ ^>\ ^Josc 


J$LiJl aJ ^ ll ^ ^Jb (X { , x 2 , x 3 ) ^ aJ >• — *^1 ^ 

plbai j kliJl ^p UjJLs^ 13] J^-^. J 4-bai>tJLil AjI^k]! ry> J$LiJl \Sjt> jt*v2 j .(x, J% 2) 

p f> 

Joju^ Jj&u .LbJ Jj^L pUaiil j A^ii (X l5 X 2 , X 3 , ..., X n ) Jii ^ ~ <^3 

AjLl^Jl bL^ljS^kjJ A.bLuI>- cL-* L* 1 I ^LJL^ L 1 LC.j^ l»b*j 1 1 5 j>r j) v^JHa)) f i A 1 c. 

. oJU* A*ai>*Jj 


4*Aj I jaD <_i i jIaaJI <jP Ailfti 

J^Lio AjJls^Sl^ > .l^sJ l* UU ki£ tbbl AjloJ Aj- 5 -btH lJ 3 jl k! c-~I — 

AjiiJ jA l-£jL>*-C. LfrllC ^pLil aJLl*I oJla .^JjL* 

2 x2 x2 jLoij *"c_k£^ jl£P 1 ji 2 3 


e 

■/a 


x Jjzkloi] JLqjj i"x (j*\ e t jSj 

y ^jlajjaII ^.laji Ji«Jj Iksii ^kil ^ 

til y y e djLxil Ju l) Uoj* -b>T Jij !2j2 3 -b»r J j 

«* j* 

^JJlj x 3j^iJ \s-jijA c tf? j (2.71828 jlp^Ul 5 -bp li 

' fyl £jUf ^JA )Jjj J &*- J 


< jjp Ll«JI^j L*Ujlp dLi-iP L* U ..i^aiL) l-ba^ . J Q a^j 


^ Jj&W JiuJ) 

: J$LiJl 10 j-l*J/ j ’jJ jjj-X j -sbuJl 

w . n x l(f 

(^ ^1 Jl Apy^i! aJiaJ! jwJ ^ j) Ai^li (.) A^iJi Ji — C ^ 

s * f 

^ ^ —bp (aj^wmaJI aJL ^ UJI ^ L w l< 1p) 777 o ^^LaJ! j ! 4 * ** L*m ^/f 4I 4JL1 

* * 

I^*ap (a> ^r]| aJ-v^LaJI yi < b*-ji]l j . (9 t8 ^7 t6 t5 t4 ^3 ^2 ^1} APj-«-kl ^ja L — ?tja 





^Jl j z <3 jt C&- ■ (9 ‘8 i7 <6 <5 <4 i3 t2 1 1 iO} *p y v^** js- 

jI-IpSM m I a-La - jl c\ ?? _}> !^0u0 J.AP C 10 — a)\ aj — i ~ 

( I 5 < -^ 1 OO 1 ^ ** >^' 


2.56 x 10 6 
8.0773 x 10 ,g 
1.000 x 10° 


JjJj Ji-i 

i3j Jj-O' (J^V (1) ^1 i_A.^ a: ^« J-J ,31! — il Jp ^_ j : a ]o \j — \> 

<oLa53| aj .ffl = 0 0 y>^> <1)1 10 J-lxll a yj ^J j-LM y jJjJt l la: i .Cj\ 

1 jl-LA^. yty 2^j# J) 1 J y * i 1 ju£>\ ^ 0 y Jr> ^ l^IP jg^ahJI -i-P 4dLt~Jt 

0.256 x 10 7 
0.80773 x 10 17 
0.1000 xlO 1 


LiJ . 1 j ip ^Aii AJlS' <j ^ $.. a i ,> . al l $5 — a — > 

P ( 

. <LpL~ JL \ jZAjLJf 50 -> ^1 ^ y* 50.000 


V SjU- 

^ i h » * j . L^jjcu 10 iwbtJl ^1 p a jW^ <3 V j^' ' ® i7 — 

o j>»^> ilai OLa-ty y 1 **. (j i_r^J .iil— Jl ilia S/I L*-^" ‘(*) ‘r' _/*j (j »'■« I* 1 1 

ii I J Jl IP 4AJ 1 i ..li ^1-lpS/l J.Xy * 1 0 O^f c3 j ]o •“ ^ * 

: Jbil ^.Uil JS^Ji 

2.56 10 6 
8.0773' 10' 18 
1.000- 10° 

6jLaJ\ (j ^ ^-****31 Jxj OwLc> jju JaJji'l *—~~£ V 

m.n ' 10 2 


y j 1 0* j n Ox c ^k*Ji ^ ^.iJj 4 j n j m iri ^ 

aJj>- ^Jl ^iJjrf^L jr^iU 4^-U-l -Up ^iaiJl yj ^jadj ^ ^a__il 



aapt\ j* : jiup otJl 


kg ' m ' s' 2 jf kg ‘ m/s 2 J y >. j*- ^ y jlS y> JUi Jp Jit. .jj Lj^l 

<1^/1 -LP <-p j^aJl djLt^U jJjt. jjp Jaj(X -_J x jyt-,ajl < S j^\ o-i ^ 

k- —» « **- i 0^ . jy* ^V* oJ^>- ^ y^r bb>L*JS^ Ia> JJS- jl ^CJLftJl 4 RjlJaJl 

* 0 

4^l*Jl 2JbM <j X ^l-b»xl^l d ^3 juju iJJ y*Z* djjinjj X <-* \ S""l>j] ijJL- _Ji 

I 0 

4J4 J$ <■■■;« J l ^A I -LA •(*) X^AiJl ^A iJU-l 0.XA (J ^Jj-X-Jl d J ' )Jj ■ . Sjl__t»lS^ 

J^-tJl ^Ip Xj ^iSJ* taljpl j>*N i_> y* 

2.56*10* 

8.0773* 10 18 
1 . 000 * 10 ° 


10 ^-X*ii 3 ^5 Xj^x^ll it-xp^l ^p — L-LJp • ■ ~»- xjl y~^l u^~ y* *x • x * 

0 

fijjs Jb ji <LiL*j jjp j+0 ^jO . — j ^*1 J^xj; — uj L 

j\JLu . ^UajJl !~L® 4^-U-l O^S/ ' J ol y y*^+Sil\ yaju ^Jl>kZu*u . (Jaj J^\ ^|jb*«Jl*A<i yA j ) 4 5 \jM 

4 JL 1 L-J! oL^SsJl . A-Jb (^ jJl j>jl*J 1 1-g.l-tc ^1 ® jiJU Lp^i ^ 10 E t-J* ^-1 

( JS' iJLft 

2.56E6 
8.0773E - 18 
1.000E0 

4jLjL-JI o4jL*Ji jflj-a! j jJail jl Ljti 

JSbJl ^ip 

2.56 E + 06 
8.0773E - 18 
1.000E + 00 

‘ fc ■ y . OjLt^U JA ^Jl C*-r3 ^vaj l djLt*y ^.X SrTm . U (^A 4-^cJl 

: JSbJl ^ip SiLJl oljUil ^^SiJ 

2.56* 10 A 6 
8.0773* 10 A - 18 
1.000* 10 A 0 

v*f. o-xT lij . 4_i)UaI^ 5il«S/^ sJba 



2,560,000 

0.0000000000000000080773 

1.000 


jyJdl retell 


(-uIjaII 

^11 5^1 (J,[ jy-j ^1' ilap^/1 3 jIx£” 10 ^a*ll o lAj /ji j^sj\ 

■ 3J j $•- ; V 

2.55 x 10 45 ’ 589 
-9.8988 x io - 7 ’ 654 ’ 321 

aJbJI SjUT ^L1p Jjty 3)U-I t> I^aUJl <4 j±*S\ jSLiJb alapty oi* ^ Jolts' 

SjUil jl - * 14 p 3Jl^-l ^ .1 45,587 3 J j \ £ 3 1 . - 1 . ■ > Ipj« ~ * 255 

£ 4 I jiup 7,654,320 3J <— 3.1... ».!■» f t3j SJLoLiJl ^ 4 yi — ,£> iJ__»JI ^ j ,1a It 

.8 f 48 f 49 <* 48 f 49 aUpty 

jUbJl jb-bJl ift\ M 

2.55 x 10 45 ’ 592 
-9.8988 x io 7 ’ 654 ' 3 ' 8 


^oJjdl jjJL» < jp Jl LaLaj jI-Xp^|I ojjb j-L3 

45,592 .3 j'aix. <ujUv ^ I —S/I JT jlaJb clili 3 i (j^oi .« y* 

alop^ll gr4Z) .Ui\ 3 jl-iic. -7,754,321 ^ -7,754,318 aJbJtj <3 jUi£ 45,589 j* ySl 

£_}j ^y* 4_Jl y> 4^5li j>S""l il-XpSlI {j* ^lilt .(“LX* Jil _jl 3jjl£[ J&\ ^~*aj b-LP Lvsbj j£ 1 

, s O ■ .7^ Lil <1 3.1 Ur , ^ . i. T . « 1 " - 1 1 S'' ^ Ljfe Lj yb 3j^L«w« ^IjlpSH oJLa ^lap^|l 

. y^* _jL£jl ( yp yill 4^-jJb i_al:<3 I ^ 1 ^ .^*1^11 


^Ja<u ^^jUj:. ^ y *» 4 4 " il UUifc ll j 4ilJp*^l j_jl^ t L j 3JlS^»l 3J ^ j g 3 . ^ 

*—^50 4^1 . - 6 * ^l^xpl |t * — aJ | 3 j 51 j (1-2) . ^».,a 1 ' j * 

• io 7 Ji 10 V cc-jt ^r 4 10 -ft-* (‘-r^) *1,000 1 ^ja* tw~sl J * 

^ Cpj-*L*^ e dO 7 J] 10" 3 J* s^' >-10 Ji (•— - ft^ Ojy^ Ic 4 J (£) 

.10 JJO^ 

£j* s-^' J* >* 10 Ji 0 ^ \ ^r*^- 4 iij 

(0 j~*£' ^-i-P (3 tllli !(_£ ^j" - j\JL> 

* 

.Ijbl jk * .rail ciXS-ij C- 



OL &\j jJU hor\ jA : yup 


CiU&LuXtA CjUjL 


J j y^oLyuajl ^J-5 l^U^LaJI lIjUpU cJs ytJ j cAj ^*Ui j 

oIapL/aU oLj^Ij (1-6) ^ y .4]a>JU ^*oL-Jl ^J^uaJl _ ll ^ p 

.io 24 ji io- 24 o- c y^^ >»j-u 


£1 J- J ^-U Jljfrt JJ^ (1) :(l-2) JiAll 

.L-ulya 10 jSJtU&A ^\^c\ J yk-a 

jlya 10 Jj Jsfyl ojja-ft CjLjI^J ^Uaj 
.10 JO <_j-o ^jaUJI o JlLojj 






jijdJl :ytoJ \ J*ull 


fhVw.au 

10 ly j L-JUP .Ltd* ^ ^SCil s-o S/1 ft* J^Ltj 10 l yu CrlJ ^ — ^ — J 

jJLjJI ilJ-pS/1 4 jL^j iJLpUJi i2 J,i -2 JUrl j-w> ^S/1 l)^ ^1 jl a j^-fT 

aJlf-LiJi ^..ridT . 10 a jLa^S/l J jUpty <3 / -3 yV OlT lit ,^_Ji 

/ 4 air iii y c ji -4 ^S/i Ei 1 0 -5 -laJi a^i ,jj j-Uj {jt' 

aj_£ kj ^ 10 a y 4 ^ . .* 1^-1 *j ...a> 

/ / 

jt^Jl ^*J aJL*> 4J^/ij i yi-/? 10 a^i j ^xj L» J_LP ^?L>- tl^j ^ ^iJLlj l)j^j JLj . ii ^]aJl 

1 8.407000000 E + 00 «jW*U 8.407 i jU*ll jv*jj»^*Jl\ pjw p-$i± .otili-l 

, *L~~iJ JJLxil j^JLC of u* r*> J* 

,..^t yr\ -J-j j L*-Xip 10 a y 00 “^ ^ jI-LpS/Ij ^**Jl a^T (_ff^ * oNI li _— pj 

■ ix^Jl flj^.0 ila Jt 


j^aJl 

i'>LW .L^jf ^ilii uVT til ji«ll J^JlJLi jUpS/1 4*IsT ^a> il.ipS/1 £*J? Jo J-iil 0| 

(3.045 x 10 5 ) + (6.853 xlO 6 ) = 304,500 + 6,853,000 

= 7,157,500 
= 7.1575 x 10 6 

(3.045 x 10- 4 ) + (6.853 x 10' 7 ) = 0.0003045 + 0.0000006853 

= 0.0003051853 
= 3.051853 x 10" 1 

(3.045 x 10 5 ) + (6.853 x 10' 7 ) = 304,500 + 0.0000006853 

= 304,500.0000006853 
= 3.045000000006853 x 10 s 




* ^ - .■ 4 ...L^.Vl -Lp*1 y ^ 

(3.045 x IQ 5 ) - (6.853 x 10 6 ) = 304,500 - 6,853,000 


= -6,548,500 
= -6.548500 x 10 6 



jJU k*?r\ jA : Jup ujUi 


(3.045 x 10 4 ) - (6.853 x 10' 7 ) = 0.0003045 - 0.0000006853 

= 0.0003038147 
= 3.038147 x 10 4 

(3.045 x 10 5 ) - (6.853 x 10 7 ) = 304,500 - 0.0000006853 

= 304,499.9999993147 
= 3.044999999993147 x 10 5 

* 

Jij f ,\ JLLP AjIJlJi 10 0 j3 jJJj ijyj y&A Ji * 

C^lJLe^P 10 0 . oli! ^UjS/1 aJL—*.* 1 jLJS>\ Sat j — j 

Adljal.1 Osa1x>-I lil . Ua^u 0 Lp~ *W c-Ij j-iJi (i Lp ^ jJaJlj 

3.AP iJUU 4jaJjail ^g i » t 01 La-Llp dJbu 

*■ „ ^ * 

. a )l IJLa ^ d dJLA ^i*jLiLL^ . A^wJ j£: aJL^I LaJUP iJl.. «•>• l > -^r 

ujJall 

jL«j i*il _jJl) 4 j yujJl i—i t5 Jr- ‘10 J.u]l S _ji jjj-Ui Oy. jj^-Ap ^ -Up 

j5LiJl J\ I— I J^a . Jl J-^U- Jj_^- ‘Iji P-l . 10 tS y f (i_j J^a . ll y> j 

:Lj— <D iLxpty T-'jj' j aL.1 2^>0 »JL* 

(3.045 x 10 5 ) x (6.853 x 10 6 ) = (3.045 x 6.853) x (10 5 x 10 6 ) 

= 20.867385 x 10 (5+6) 

= 20.867385 x 10" 

= 2.0867385 x 10 12 

(3.045 x 10 4 ) x (6.853 x 10 - 7 ) = (3.045 x 6.853) x (10 4 x 10 7 ) 

= 20.867385 x 10 [4+< - 7)] 

= 20.867385 x 10 n 
= 2.0867385 x 10 10 

(3.045 x 10 5 ) x (6.853 x 10 - 7 ) = (3.045 x 6.853) x (10 5 xlO 7 ) 

= 20.867385 x 10 (5 ‘ 7) 

= 20.867385 x 10' 2 
= 2.0867385 x 10 1 
= 0.20867385 

.2 Jl -2 J* JUM ^Sfl oSl if yull jCtJ^ j^SlI aJull 



cH 1 


JAj jLwO jjl) ^ ..—.A; (_$ j£ tlO iji) — £ 

.^wLaJl j£jJI J| <l«^<JiJ) £tJlj ^ 1 10 C?^ £ l£ j £ f • 1 <j ■' ‘i V (_ 5 ^ * ■■ d '^ 

;ILL- l»L*J>»i-<l ^Jl iJ^Uil ilAp^l ^ 1 )j\ ^jLc- dlli ^jJai Utfo 

(3.045 x 1 0 s )/(6.853 x 10 6 ) = (3.045/6.853) x (10 5 /10 6 ) 

= 0.444331 x lO< 5 - 6) 

= 0.444331 x 10' 1 
= 0.0444331 

(3.045 x lO^.SSS x 10 7 ) = (3.045/6.853) x (lO^/lO' 7 ) 

« 0.444331 x 10 H ' ( ' 7)1 
= 0.444331 x 10 3 
= 4.44331 x 10 2 
= 444.331 

(3.045 x 1 0 5 )/(6.853 xio' 7 ) = (3.045/6.853) x (lOVlO 7 ) 

= 0.444331 x 10' 5 -<- 7 » 

= 0.444331 x 10 12 
= 4.44331 x 10" 

3 «... a l\ <_^L»r>- {j, j£z V ij Lj jjtj a jl .^| Js 

* 

1 J jaA\ iJbfcJl jJ*> Li jL-J ^jA (J jAJL* iJbu ^JLp (J y &> JJ * — 5 1 

, Lj jS fUjVl Jb J(_>«-lJ f.LJL»Jl L^JL>u 1 l*o 4 - 3 n-$-dl (Jj <_->! j-^rl 

•j* A tM 

t' 

^ s^aII ^ A 1 1 0 a ■. i^aLiII . " f j ^ijl j a y ^Oj J iP 

:^Ui Jliil .UtJ U^p C ? yi 

(4.33 x 10 s ) 3 = (4.33) 3 x (10 5 ) 3 

= 81.182737 x lo (5x3) 

= 81.182737 x 10 1S 
= 8.1182727 x 10 16 

jA 1 J y . j <J i_3 ^ [+y\jj O-i — S~ tel 



OL^pU jl) 4j&t\ ja : Jlp oUl 


. jjj <1 Aw>ljj djLnil 0 jSsJ jl JA A^l j£*\ c-^L-J-l Ap^Jj j jl c4^L> S- 4^».lp 

:UL- 4J ^1 j^t^T W J^U 
(5.27 x 10- 4 ) 2 = (5.27) 2 x (10- 4 ) 2 
= 27.7729 x 10 ( - 4x2) 

= 27.7729 x 10' 8 
= 2.77729 x 10' 7 


jj jaJ) uLma 

jLlpl f jl 0^* tlO d ji ( JJ J*U* (_-> y&~A ^Jp j j>- ' . J l " J" 

iJL*Jl jjk L* iJu! ^ jJU-l ‘}4 » jiU Ipy^. <u~ ii a-uJl y> l* iJL*J ^o* > _yJl jJLAJ y 

3l»lS0l i-r 1 ^ ij , jiil Ji£ .sljp^l L»Jj>j lib^jT ^ ,!/ 3 S ^iU Ip • 4~ ii 

«9 

Jli* 1*1* j . b»Lc L^ij 

(5.27 x 10-y = (5.27)* X (10‘Y 2 
-2.2956 x 10 [(4x * )] 

= 2.2956 x 1 O' 2 
= 0.02956 

j^"') f s>\£' jb 5.27 j^\ jJJrl . il ^ Lj jiu jL~u > djLi>[ Ja — >-V 

ft * 

ij*\ j S/ I jiaj ^jl Uiajl .JLuAl <j; ^J^nM Ajj^r *■ i j-* L« (41 — '~* j\ Pj 

^jA ( j,al>*dS jJJJb lui JLii ^aJl <_£ j-i^l aJ^Lw iJjjl ^ o <^Jl ij-A^I £_aj o-wJl 

. 1 0 xx*Jl a j* 

AiVudVl tUaaJI tt-ujJuil 

<j ilJLP^I j l* IjiU 1 J .4jLJ.i p-J Oli C.. .-.1 j.b^i]l j lg^^-1 y ^Jl iU pty jl 

jJJJb fLili jUi j jiJb ^ j-flj L* UlP . yJJ 41 jJL* j t4>vj?fjj 4«j ^s?«jJl j.Ij^ s a]I 

. (4J^ j £ I 4l5vJj yJS AjjJLs# 1) yJjJjjL y&fj (43^ ^Jil J Ja**ol) \ yb}\ 


^ i3l J d^JLsi 4i^>u ^Js- 4jJI yi ilJLp'JI wiJbjlj y~i yd\ aJ\ j *.| j i- 

.ULili 4^ dbjt> 4-jjj^^J^I 4**^lJ“l ^y^ n ! .i^__xU 

:<JUI ol>i-l jij 3.830175692803 ^1 jUo^l 





3.830175692803 

3.83017569280 

3.8301756928 

3.830175692 

3.83017569 

3.8301756 

3.830175 

3.83017 

3.83 

3.8 

3 


jjjJSII 

j c. \jlj Jja^\ ijjb il ^ (J J ^ 

Jju S-bJjlrl r iilil ■ ./a^ Q ^ tdjLjJl ^g« .11 (/■ Jj) ^ « 4 j L s. 

i5 < r < 9 jtf" lij U .0 < r < 4 Jtf" til 5 r jU. Jj l*il ji\ (ix.JUJl r L_ ;U-l 

ij* 'iZ-'j yj j^uJl i-— .LJ-I u 0 **- .( jj^j ) jl-Ai t.q s\y La-Up 

,3*j 3.830175692803 j-uJI jl ^ ip -I i ^s. t^jj-uJl ^(Jbwl <£ j>? lij . t >JU-L> i_j 

:UUli 

3.830175692803 

3.83017569280 

3.8301756928 

3.830175693 

3.83017569 

3.8301757 

3.830176 

3.83018 

3.8302 

3.830 

3.83 

3.8 

4 



JS aju>-I jA : jup uAJl 


UaaJ 

3 (jb*5*" ^*AP f.l]sL>-S/^ oL^Slll ^*<Lj JLIP aJL>*I~»w« AJJlil 0 y ^ j 

x m .a-^LaII a**^JU aJL*aJ| A^ v ^aii ^Jic x a 01 yP » I I 4j c.IJslpS/ 1 *> • .<*»> 01— >*Sfl • < 

Ai*>l*Jlj (L^oaj JC a O^JL>- jj) D a JyllaM tjaA-l ^laju - Lfr— -Aj OlJl>- jJL j 4-j^Jl j010 <L-LiLl ll 

D a =X m - X , 

:a^^JLS a!*JA\ a^aJI J* U^JU jiMi U^O D p ^Jl UiiU j 

^p ~ (*m “ ■*aV'*'a 

. 4-^.»>j5" A1P Ms jA.^ 1JaA*I 1 1° * -i/* AjL* Ms ^1— ■— J Do^ (Js^-lLl ^y — «. ’J I tjfl A~1 

D c/o = 700 (x m - xj/x, 

Ait LUj .x m < x a 015" 151 aJU J X m > x a 015" 151 v* y jihi\ tjasU a^j 0 j__£j 

o o <> 

0^5sJ Jx>r ajOLs^ A-^Uill A^jiil C-J15" I5ij 0-pr j-« UaA-1 0^5*0 Jx>r Sj\*5" A-C-Uil A^-J ail o Its" 151 

.UU tkaLl 

<J$ (^LaII) ^0-^ ^ 01 Ja>-\ ?^Lii l^^yfli^T ^aajL*J1 ^yall oL^j oj ^P c.^*^ c£l jXj — A 
1 ^il A^jiJl i * jXj \ $ jyjOl JL3 A*«^JJ a0*aJ| A^-jiJi (_£l cX a A^*a31 **£ ^ H m M 

Aav 3 ^*" a^*5" ^JLp (_£ ^1p l^l-*-^! tjajL-l LliSsJT, !LJj^-?0 JU5" ^Xp Ja^via— J \j 

j^-S" ^xp J>-1 Uj j oU-Li oJlp Jl>-L dJLS5 .x a <u-JiS xA-i ja <wj! ji-5" t — JajA- 

^»JL55 Jb- J IA ^LJ-1 Au- jdl jf t\05^j tx ml cx^ cx^ a^U- ^-5 j5 J5" toUliJl 

1 a 0 ii ^SLjLv* (^X» Oli jjp AJlijsJl ojU ^1 Ip ^ aJI .x a a^jiJ Xar 

la^ jxll ^jp X m A^J jLol c^X* Jj Jj>x0 AAjLJI Uaji-I A^an-^lA UXjI 

o ^3 J*>bp i>-Jj olpi y aXP J*>\>- y* x a c5 cx a X«S/^ ~ Xaj 

AjLa-VI 

L*jup U»jl4j ^ A oLLjJJ < X j7 ^Ip 0 ctUluJij <. 0 jJl j^. aJi 

c^^ArLS" ajL«Ji Adiiitf- oLLp JUp ^io jJljJI (^iJJ5 ^iC .ojLxJl (J Ifryia ju ^ j4r^ 

oLJUjJI JLoj (djLjOl oJlA a^AA C-ji'j c « ji jJlj tA^« — ailj c<_j j^a — lij <. — iaJlj 

: JUl JJLdi 

.^jyhJl ^1 jL-Ol yA 1 j-ilw* cA^-S/^ oLi^jJl * 

. ^v«kO) yA 1 lw* ( A^^iJlj ^OaJ^ Cj10-«P ® 

.(JyJl (jj jl~Ji I jOiL* CaLUp • 





<- ••»} Ji 01 .aJLLwO' JbpIjiU Lftij Iqa+ 4 **) <_£ j>r j\^p}> ' & 01- IliJl O^b Ll 

oLL^p 4 aJI>- JS" (3 4 — oLL^jtilj 

[(2+3) (-3 -l) 2 ] 2 
[5 x (-4) 2 ] 2 
(5 x 16 ) 2 
80 2 
6400 

{[2 + 3 x (-3)- l] 2 } 2 
{[2 + (-9) - 1 ] 2 } 2 
(- 8 2 ) 2 
64 2 
4096 

.[ ] *>£’ jl t { } *}a**yiA Wi* ^ d-Xit* OjLp ^ 

IiJlil' l«j-A jb*pV' *^ > “ . 4 xj 1 —J' wLpI jil £^b Jl lil 

z = -3x 3 + 4x 2 y- I2xy 2 - 5y 3 

-X&\jS jtj*> * — ^-^-4 4 <la— 4 ^'^S/' ^'-L>*i~-b Jliil 10 a ^_J 

«0' 4j L> 44^X***’^fl 

z = [-3 (x 3 )] + {4 [(x 2 )y]}- { 12 [x (y 2 )]} - [5 (y 3 )] 

j' 4 ^j*'^ 5 ' (^i ^ r ^“l 0 j^ oLL_*J' $ .1 j>r\ f Js-\ ji ^ JLp LJLajl Ll_ J l 1 c.j 

(3 0J— £» 4.^1 .ilbx 015 " ISj .(.I^Xa—* b ^Jl 00-ta < .<p ^0 j *' t 

. Ixi^* l)fl>- i^^jy ^ j\P (j^lj^S/1 {j* LfcJ-LP 


U4JI ^ISjVI 

(3 4-*^ ^li jSl\ ^JaJ ( j5Lc V 4 10 ^AxJl 0 j3 ^ jJJ jl uX^siaJl jl £l JU P 

3 j 15li Ji.L-siJ jj .<5^ Jity & jLxJl 3 obM ^JLp jj5"1 0^—5^ O' *-» » : 

. A^L /g ^fi 4jL«Al 3 3 I ^15jl br 4 j>^ Lgxlijl ^jlp aj ' bLLJl 

3 ^ V 3>«-^ dJx> 4AI>«Ji oLv?L) ^Jl 3 4 ^J li 

.OJUiT c-~J 

3 l-^li ^>w> aJUi 3JbU jUa .^y — 7.2 x 10 7 j x = 2.453 x 10 4 J^. ^b 5 >■ 

:sA_J0 



oL'jpU jJD hor\ j* : jup 


xy = 2.453 x ltf x 7.2 x 10 7 
= 2.452 x 7.2 x 70" 

= 77.<5<57<5 x 10“ 

= 1.76616 x 10“ 

SjLuJl 3 a 3UU t^L-UL* oU5^ j; j x ^ Jb" ( Jt* bj 

.UjLijj AijJl Jl iJ^r «UIli jl Jl U-UP 4jLiLJl 

? ( ^ 9 LSj 4>J fS 

t— j*-S C^<»-Lp J>I«AP^/I 5 S ' ^Jp ^ jl <-J> j*P 4*1 A-P jJ L*-LjP 

jJl 2uUl flij^l iOP dJLb . jftl oUUU ;>jtp X* { ujip j£j <, yull =^Sf\ J oL_JUU 

cJC -5-Ul] jJld\ Jill (j C*>Ul>- ^jl (JjL-JI Jbil <j -Uvjj . Jilg-Jl S-^ J — ^ J — ^ 3 L*-Ui. — J 

Jl c 4^> L& ^ISjl Jl p ^ <_->! ji j-Aj l«U .y 7 JJL«Ii <s j*-*-* — aJl J$ jb il>-j 

jl ! L-i jJ-L) ytdl u~^3 jJJ~uJl ^l-b>tlA p_$il yjA .JyJj 

xy = 2.453 *10 4 x 7.2 * 10 7 
= 1.8 x 10 12 

fi 

di jLAl ojLil jl t4Jllb 4jb* L*jL/? j j! JLp ia^>jJl IJia o'b/b*- <3 J -Up 

.<Lpl*jl dlyL-ll oljlA ^iJbw^'y jh\ |»I bn* ^y>ji . A^-j jAt j p_J Lub (ibS/ AJ jitil 

.<**!•• 43^S*il 0->ljbi*^|l AjbS^" jj^> jl 4jLi^ C^L^lJi^l jl bj^P ^ all 

?xy 4-r> jjaJl Jc/y jeJ\J -by Lj( Jp j0\ 

:JbJir ^ib 

jc/y = ( 2.453 *10 4 )/(7.2 x 70 7 ) 

= (2.453/7.2) x 70- 3 
= 0.3406944444 ... x 70' 3 
= 3.406944444 ... x Iff 4 
= 3.4* Iff 4 

jliucaVl uC' liU 

jLlP'ytj jj>- .A;jL^ J-Uj 4^*jSj C-->1 ^1p obl**^>«JLJ JUP Ob>-S/^ \^ JU . 3 (J - * 2 ^ 5 

y^aJl f .1 j^s-l -upj 4 a[a f li jl jp-uJl ^jA \^ dJ-U. . x — 1.41421 c^y = 1.41422 

i^jIp Q L~3 4j 4j«IAI 3^\ j 



xy = 1.41421 x L41422 
= 2.0000040662 




- 2.00000 

^53 j 2 - 2.00000 c^»Lv=*Li jJl <j .2 j aJ15"j li — * j.* ; j 

,y Jjasi ,JLp oL oSf GJH. Hardy Jh ^ ^ 

^il Otm-lJl i_j1 j$>\ <j£J> jc-^J U&Sf A^U* &-Xa 01 (j ^.UaP-Sfl L*jb Jj+j—j 

J-*aj Jb-ji <j^J <2 ^-XaJI J jw?t jJt o ^ Ll>r t— -» ^5 l_jI ^- 1 jt .2 ^-UJl ^ IaJJLJ 

L^l t± 0.5 J1 J -^1 vLJjlj 0^=2 ot Liij jli^l h jJt J - J .± 0.000005 Jl 

Jp J - ^" jS/i jj-* t— JlJaj UJup .^iJLii ^ ^tJillj 5il0O oi-ft J 0 Jj>y 

.ts jA n fUjSu v* 


C jM j ^ ^ u*ji r iijrt 

.y%<- .7. L*X>- 4^Lill ^ jl £4^ ^XJP 4>LM ^-Xp -Xa.X^-- ^jllw J -L_4 

$.1 ^prU 015" bj) ^J-^ai^/1 i-fi y*"^ j-s^Jl j**aJ) aA».. 5" 

4 \j&-XJLjJ olil ^-Xp (J jJi*-* 1 -jI j^r^fl ^ jf f i<i~£ 

i ^> £* O ti < j ( 2ajLj 3 A^lOL* ^^UJl jl <J 3^Lil ^UjS/1 -Xj-L^- 0 j^-j 

.y = 9.22 x 10‘ 7 j x = 3.778800 x 10 -6 01 ^ a: + y Jlill J* ^ jf 

) l< L i ^ j! . .. ^-t 1 . i_& 


a: = 0.000003778800 
y = 0.000000922 
x+y = 0.0000047008 

= 4.7008 * Iff 6 


= 4.70 x Iff 6 

.^£ i.Lfc jJ^ 3 ^ a ]1 ^ ^ (3 ^ y** ^ < a i.i ^ 

LJT V' 3jJ .y = 9.22 x 1 0" 7 L^; <.x = 3.778800 x 10 4 jf JU 


x = 37,788.00 


y = 0.000000922 
x + y = 37,788.000000922 

= 3,7788000000922 x iff 1 

J± jS JSLij yjj 'i/j a: J^cdt yu^' OL^Sll ^/a — *J J y J — ll Oj — 



oL-^UjU y* : yup oUl 


OAJij iX + y ^ jt <x J J^ull £*Ij 4it ^ y JJ jJaJ ot b* J-^iSf' j — 

OJJi jjJj j^ii 4>*JaJl ^Lp 5 jOL^ail A^o jxJl c~a*j bU .^-jiaJlj JUP djJu-aJ^ bO jxJl itfsj 

0^ ,^**Lja 11 43^ ^ip 40 ^^aOI (»_^Up jj « i«b >~ U^ji ji y J ^ i^ l, ' 1 ^ ^ 0 y y i i t ^ Ip 

)^j. , »^ll Ijsui-l 4-.J ^3 b& y 4^*3 ji . 4^~jjj y& U-fc ^ ^«^rl 

x + y = 3.778800 XI 0 4 

01 o y *~* & ^ 4v?^*«J! ^Ip . La-j j£; IILp ^*3 ^jSl f.b— 31 0^ G. H. Hardy -u*3l ^Ip 

^SsOtAl rUa imJI ^jp j^*aiU O^V^bdl ^Ll£* 3 ^jajJl ^ip .4JU3 >Ij 0_j^ ,,1-a.ll jjl tu 

(.1 J\n*&\\ A^p Oj-b 4 j*>\31 }\ju')j\ <j>h ^LsAftJt (3 4j>r.)g ? U ^Lj ( t £' w ‘ /ta Ui»l Ja^l ^ 

^>*-L) 01 c4>«JaJi Ojj Ji*jj s-’ (_ 5 ^ .(jbbL*Jl (ju JjjbJJ L-^sotij! 0j^ iS y*"\ 3 

JjLjj jlj tig xJaJb OjS^jLtsiw- ^jjJJl ^j^Uw-Sf' -3-AP tUL?r lj^ai\ A^S> jx3\j 

.LftjjJj ^ ^yals^bl qa AS^I^j Oij t^U-U^^i £* 3-Ujl 


jSLio 4jjL>0 4jli Jp CUprl lij dJ L>r 4^51-jlJl 0 .SjJ^OaJl -UP J-sAd3l i-t* 3 til J p 

.i_«->ll^3l 4 jL^ 3 yA 0^ L«Jp 

J^Ujl O^i jA c— -O 0>*llj£ ^ ^>r J Jl>- 3 *1 

.6 (a> 

.36 ( b> 

.10 6 (C) 

•6 6 (d) 

bUi .(Fx :U 1 -i>*jj) (flummox ) Lr S~ ULjr" 5 x^_) U ^Sol L — it ^ j. — il .2 

V 1 Q ^ flummox L iku 
.(1 w>x) { JL. (a> 

.(1 nFx) jb" _^*>b _jiU (b) 

.(1 />/x) ^ yte £-> (C) 

.(1 fcFx) a-? y*> jlS ( d) 

?2 x4 2 - 6 5^J ^ L. .3 
.26 <a> 

.58 (b) 

.20 (C) 



^JU)l jjjJjJI :^ujt 


■ Aba*lp ij bp lit $A*Jiit Ai jxi iijJs -brjj V (d) 

¥ 78, SOS i,& ts Uj> Jl ^ U .4 
• 10 -4 x 7.8303 ( a> 

.04 + 7.8303E ( b) 

• 10 5 x 0.78 (c> 

,j>b» J5lb <^l jiT' <_ — -bit JSLiJl yk jjjJl I JL* (d) 

.(kbps) A-iliiO cj jJ-T 480 ^ bl*su»- j t»y 100 c~> jd'Jfl 5JU»j ap ^ b—i b — ;f — it ,5 

L* .440 kbps 5 st y bL*»- _j jbaM ^jy b-ai .-lS"!; JSy Jill aL/ 4 _jJl Jp^** jl — it 

. A*bk ^Ojt 4jbb» dJbt yr jS' ¥^*bisJt Iba (j3 tla4-l ^a 

.will# 91.7 } c 440/480 <a> 
.ylib 9.09 jf <(480 - 440)/440 <b> 
.VtiXt -8.33 jt <(440 - 480)/480 ( c> 
.ylib -40.0 jt <(440-480) (d> 

<^t .<b«ba ^Ujt 3jbO jibJ AiJj <SJo-j 8.53 x 10 4 ^^Ip LLa^-j b* a-*£" b— > bit y>j — al .6 

?^a <bL*ill 01 J yj 01 Abl^Jl o>l-L>- ^Jt y Jb£ 

.Sb *. j 85,349 Jl Sb*. j 85,250 ^ (a) 
.5b>. _j 86,310 Ji 5b>- 85,290 ^ (6) 
.oOj-j 86,310 J1 5-u-j 85,399 y (c) 

J yu jl J V ( d) 

¥a.U.I flijSll jb^Vb jeJw-T 8.899 x 10 s ^ 2.02 x 10' 12 c > a^j ^ U .7 

• 10' 12 x 2.02 (3) 

-10 5 x 8.9 (b> 

• 10 5 x 6.88 ( c) 

■ 10 5 x 8.899 (d> 

¥^*1 y\ ^^Ip y^~ 4jbp <^->blbj»Jl jbr| < t ■ .7 ^7 ^a b* .8 
(Jl £* Jl c4-*~*JiJl (uo ill JaJl C£*Jr! (a> 
JaJlj £*Jrl c4-*-~iJlj c-o j^x Jl cay Jl £J J\ (b) 

Ji jL*-*JI fj* (C) 





.ij* j*j j\ ^ (d) 

^lijf *5^i >iUj J-i £ ^s. •JiS .^' y 78,790,003 U a ! y OlSL. j-xp oi Joj * I .9 

,10 7 x 7.88 (a) 

.10 7 x 7.879 (b> 
.78,800,000 (C) 

.06 + 78E (d> 

5-.U fUjt V% JUM £* 6.554 x 10 5 72 x 10 5 a-x*>' U .10 

.57.15088 (3) 
.57.151 (b) 
.57.15 (C) 
.57.2 (d) 



CjUala^all 


£ y * jjl |1 Ip J5 \J^ jl <L >LJl ,io^» jj| 

lj-JL*J jSS'^}\ <lJLJ1 Jb J y^ 0^“- ^ .^buSl^ <bjbj ^y> J>\ f y * jJl Ja—ol l)| <byry» 

J j-soJ-l ^-^C. (Jb)bj c.lj^s-1 jlgis^l ol J,l ^ U^-j _yyil -Li I 

aJj>S/! 0 yj .Ip <y» jJl t3 J I-L& (Jj l£ j^* 1 • l^P S^Ix# ^ jLp 

,lgi*>b>-l ^Lp ^1 yllj oIj^UJJ oUl ^ j^*» J\ jJ-J cJuS^ ^ jj l) 1 wii^Jv <JL-£ 

SaaUIa!! uAjjI^VI 

«* * 

c((l-3) j£bJ>) Jjl^oAil cSy-Al y> aJ^. yrSlI ^1 jti OLWNI ft-JaJ OJ 

y*ji h^J^ljJjl jj jl jf jj£-\ ^1p ( J-£l«Al Jyxlll y* ji -X V iS y ~ ^ j' S-l*L*zlf iSsLjfU^yij lbs — jl 

A l .]g l >- yil J_^“J jy~ b ^o . y^jf jlif jj, ^ jl y ( JJiz*~lf jxP (Jj^* ~«...ll 

J yi olwi; J-iC iSjjyz$\ j* J* U^Uaju { Js- il)lp^*lp c(UJb i J&j) 

,y*j \ yjl JJ^~ fl. ) Aj {£ j£z 4**+»Ju JUl jJb 

(ji al jj&I AJalj — Jx» <ULaJ) MJjIxaII £ JjaJ 

1^5" >^1! ^li ^^LaJI (j> aJ^IaLI y oL — pi &£. 

■Ji 
* 

■ 


ax + by + c = 0 
ax + by = -c 

by — —ax - c 
y = {-a/b)x (c/b) 


f fSnf ' 
i S^S% • 

'£;Py^y g-p'gfs&x 



CjIjjI I (j jlum :(1~3) 


<S j oX^ j^iaj .b ^ Oj t^j — aJb~ ojIj — j cj cbj ^a oj — >■ 

j ^ieJl ^ j^rUJl _y 4^J ^ Jkll Ji*j j kx <A* J i ji^ I ^u JiC tffct . J 

J ' J 

^\ju A^ai j y 5^J JUj k .w <5 >»jjj JLx.dy/dx v-J' ^ ^ x *** — * 

Lj jJ 0 j£j ^bdbj .<. ;Jl jA\ j p^jLlwAI 

m = -a/b 


k = -c/b 

i Js- aJoloJ -J~* yA\j A^Uil AjIiS" oUI ^£Lc 

y = mx + k 

:^JL U5" cA-jjl5ojJl <j 4-kkl aJ^LxII ^ 

"U^ ' t ^° L&J ~ ( Ji > * cli J y^ * 

.y = k AkiJi ^.v-jl • 

A\ oO^j n Jyjl Jl Jilil • 

.(S-b-j -mn J^SU jt) Sj^j mn J^Sli Jj&1 • 

.y = mn + k *AlS\ AkiJl • 

. ^_JLLwvu* 1*3 A « Si j*_3 ® 



jli ltor\ y : jLp ^L)l 


Of Ji cJUJ! JAl i" Jbwaj" r i:^ll Of J! >1 J^_il 

jjp ^JLi*-Al 0| . ^isl p-jilwAl 01 JAI j2-*I*J^ L (J^aAJ OJLP ^JjL^y^U 

.jJLyJ? ^i-P 4^-nwJjJi i .1 «2 jA jjb L«A"*^ L 4j*)j 


Jxa - AiaAj 4j]aaJI ALIxaJI £ Jjaj 

. * 

•A3 4j jf y ^^3^1 aAjSj ^J Lp ^ LoJLP^/ Ij ^^^xS^a +—• *a j l 1^ s - - ^i l . Li ^ ^ » i 

#> if 

rO ^C 3JbM a JL& ( j^A . oJLA ^jP iwL>r l-A^xj <UP C^xO ^OJl v<o>x; — il f-J ?r 0^0 

4> J^A Aj3 0J C^>lA Jj>0 J Jfl ^jALvAl ^*A ^lp £7 3 l-A_& ~L»»I XJ .^yL * — 4 4* \su^~\ 4 1-iljAl 

: <x*yo) 


y-yo = m (x-x 0 ) 

£-is ^IJbxI*>*lj A^a‘^-\ Sj^Lxil /^>x!a l-3w^ 4 4^ — JLJl cA j — ]aj l-l — jl — Sic 

Aa-flj j-<k-A cii <J^>- * 

"j*iy* tWo) *1“^ ^ • 

.^^il J (x 0 ,^ 0 ) # 

.(Sj^-j /wz- Ja-SU jf) J^A • 

-(xi 9 y\)*^\*^ J* £* • 
•r^ (^i,^i)j (x 0 ,y 0 ) J*Udl Ck • 

J^lA Aaij ^Oj^Al jjij <0» j^j jA aJDI SAaA-l O^^lxll (5"3)j (4~3) JlSAi'A jt — sO^j 

)Ijl11 sJLaj Igisli' 


7- 104 = 3 (*-72) 
_y + 55 =-2 (x + 85) 






jji y : Jup olJi 


tr LaJ^I Je. jUScVU AJaaJI jUj) 

l)IjLa P jv^J 43 Jb ^.. loj Lblj to-L^ljdl Cbl-jlbl*-'^ (3 lb >1 j b#l 

■ ' t * * 

^1 ?aj Llp^j .]_, p ^ J_J . 4_v j_Lial 3 4 -*--j jJl jlpI ^a]I $ U.^^. 1 f' ^: Uatl l 

U^s ojj» -kujl oLli>! 

p = (v Pp) 

6 = (*„> P 9 ) 

I^juJLdl (juju^soil J ~a ^Liaj 

'W = (>'<, -PpM^-V 
m = (pp-^K^-v 

.0 _,t /> 4ka! iijydl oLW^I L r JL-. JJ ijaii-J-. Jl>l~ x^.Jbi 

\L ^Jic ^juJbj! { ysk i ^>. il ^r 4 y 0 Li JJ 

y-y p = m{x-x p ) 
y-y p = m(x-x q ) 


AJjU-* 

3 _V 4^J 3 <? ^ *-—?*- V oL)IJb»-V' (3 VSrf jsll 4jiUil ^il^ll ^JalJl Ji c_ 

.(JjSl! £ jj) 

y = ax 2 + fe + c 

itaUil ^ ji .(^ 4 J y c~»~j j aUsj*- AtaUil 01 * ta = 0 01 — ^ lij) .a ^ 0 0^ 0-^ — >- 

(Xq, jv’o) ^JaaOI oLJlJ^J Vjt *x>- tiiLJl 


*o = ~b/(2a) 

l 2/ 


y 0 = c-b /(4a) 

AjaJaOl ^Aj tliUajul L4 O^^j ^<Jl AjaiJl ^Aj ^*|aall aJ-pLSJl a\qc> AjaJiJl oJ-A 

^ja 4-iL>| _L?Uj jil£L p-S oJlA cJ > jo lil>* .1 jLp ^»wJU Oj 

pi .Aiiljll y p-i cx 0 j-* jA^?t jt jj5*1 Oj£j (^Ip N ^ 

d^sj j JC 0 (J^ 3 j* j 0 01 cx 2 j tXj j tx_ 7 j tx _2 x i?UJl a-^j 

“ , < X_ { < X 0 < Xj < x 2 


2 


X_, — X_ 2 =X 0 -X_! = X } — X Q =X 2 -Xj 

JULj jj£- (Jl V-JL o jJaL ^aj ‘ylSU.l £-aj -^Lii OJLSi 0JL1 

.-LjLaJJ Ajrl jLl^-'y L) OJJij t(-U?Tj vii-*L5 Ajl^*^ l^j) SoT 



otUasit :dJlsJl J^iJi 


a < 0 ulT tilj »b4b U- yoi. <yl£ll ^UJI 0 £~* a > 0 OlT bl .Uai-I j ^ 

aU^b l>- yjL* yl^il ^laJI j 


y=x 2 + 2x+ l 


Xq = -2/2 = -1 


A Jti. 

:aJU)I Ai_d' jL^b Jb4d 


^ S-XP-UJl <Jai 


70 = 1-4/4=1-1 = 0 

(^o-^o) = (-!» °) 

:aJUi Js-LSJi f cNjt sJaiJt »Ju» 

X-2 = x o - 2 = -3 

y_ 2 = (-3) 2 + 2(-3)+ 1 =9-6+ 1 =4 

(X-2. y- 2 ) = (-3, 4) <A*ydb 

* - 1 = +0 “I = -2 

7_, = (-2) 2 + 2(-2) + 1 = 4 -4 + 1 = 1 

<*- 1 , y_!> = (-2, 1) tAa^db 

JC 1 =JC 0 + 1 = 0 

71 = (0) 2 + 2(0) + l= 0 + 0+ l = l 

(+ 1 . + 1 ) = (0. 1) 

x 2 -xo-\- 2 = l 

y 2 = ( l) 2 + 2(l)+l = l+2+l=4 

(+2-+2) = (U 4) A^b 

b^iAJ .(6— 3) (J _j> b»S~ A-* A»~«jM JrjbiJl J 

B JHa 

:aJLJI a^JI jL^'yb J^y 

y = -2x 2 + 4x - 5 

^ »JLf-Li!l J»Ui 

JC 0 = -4/-4 = 1 

7o = -5 -16/-8 = -5 + 2 = -3 



L^pb jJU Aa^-I ja : ujUI 


64 


( X 0 ^0) _ (U _ 3) C4j*-db 

:aJIi)I ^ y ^ AjaiJl ®Jla y 


x_ 2 = x 0 - 2 = -1 


X_ 2 = - 2 (- 1 ) 2 + 4 (- 1 ) -5 = -2 - 4 - 5 = - 1 1 


y — x + 2x + 1 ^tSdl ^Jaall ^ j : (6—3) jS-uill 

(*_2> ^-2) = ( — ~ 11) 

x_ x = x 0 - 1 = 0 

y_ x = -2 (0) 2 + 4 (0) -5 = -5 

(*_1, y_i) = (0, -5) c**-db 

JCi = * 0 + 1 =2 

^ = -2 (2) 2 + 4 (2) + 5= -8 + 8- 5= -5 
(*i, y x ) = (2, -5) 

x 2 = x o + 2 = 3 

^ = -2 (3) 2 + 4 (3) + 5 = -18 + 12- 5 = -11 
(* 2 , y 2 ) = (3, -1 1) ci^db 


Olkkatlt :dJu)t 


y* j-liiiwul ( ^Lcj .( 7 - 3 ) j* o^ixll j iS y^ 

. aJl* 



.y = -2x 2 + 4jc -5 ^ISJI ^Ul ^ j :(7-3) JlA» 


0 jJ|j» AjjbL 4 

r^Jlill AkyyaJU x y <s ^-J.1 1) oyfjJfiSz LrI ^1*3! jSLtJl ^la.iu 

(x-x 0 ) 2 + (y -/ 0 ) 2 = ^ 

( 8 ~ 3 ) . jJoaJI y? > /* J£*J J cayl-Xil jS" oLjIJj>-| (Xq, 3^0) — > " 

^ip «/3 ) J^-^f I 1-X^a d jjijJl jS"" j* l$- — _9 jj £j ^ il 4 .. 4 , _ lL^-i ^ 

:JU» 


x^y-r 2 

J j Sybil aJlfc ^Lijj $(— r, 0)J (T, 0) £ X jysM £-<• SylJlJi ai * ^UU: J 

laJ^- jJl a yb 4_w^ y&>- j£\ 4jb- J^ry (Ck — r)j (0c r) 

x 2 +y=i 

JjUJI (3 y j_j#M £* Lijl ^ILjj 4(-l, 0)_j (1,0) isUJl ^3 x £* 1-i — » — j 

•(0 ,-lb ( 0 , 1 ) 




Uaj-uij £j£1a\aa 

•Oy^ ^ Oh ^>\jl& JjJJ-i j$£ 

a jeu 

^ J5" jJi£ ^3t yj x ^ S-^J tt^otaUil Jy\-* c~. — k^-1 OJ — if ^ j — 

;-u^ o-*jil J5 Oi^tabil 

y = x 2 + 2x + 1 
y = -Jt + 1 

^JajftJl ^ ^-iu*sll ^1 ?La: j ,(9 — 3) Jl ^ o ,* y» o^l^l .-«ll oi — a 

JJ-I -UliJ oLJla^l 01 .oV^Uil j-* j^l oiA ±~S> cj j 11 ^ L>- ^ j — *- ji 1 jyX - 

^ 4iil ^ii 


C*i> yd = H, 4) 

fe^ = (o, 1) 


Oliaknll 



B JHa 

:L* y-* j 4l>- (yy (job uv*^ l-L* 

>> = -2r 2 + 4x -5 
y = -2x - 5 

4 

Ijyi-* C(jc)aA^ ^ilSsll £_>• .(10 — 3) (3 j-* oj — a 

aasI jil ^JA-i A?UL» oLjIjl^J l)} •l^ > " * j>- 

(*..*) = (3.-11) 

(** *) = (<>» -5) 


UkJ> Jl?r jj jl jl Jj>- (juJiLftil 4P j^Jr 01 Ol^Sn c / ajt ! 3 I*-* - ^ lJuI Ssj 

AjaJii /? jl! ^1 ?Laj JUIajlS^ L»Jta <^utaL*il apj^-s? J ji>- ^jIp iS J >* 

/^SsJj 4p a—JJ ci 3 J^*" w -3 jJLUi (j^^lic<JJ Aliull oL>«jJkl ^ju £. UUJ 

J jLM lAA: OtT 131 jJA flJb^-1 ^ . J^LM ^5 y.Juii Ijl^ \ r ! r ^1 j^s4 

oJiit* o'V^LfcLl I3j o'y^lxll ^JA- j>jM .«yqll /jA l) jAl Ijla ^jjL-A 4 JLjjJi 

A?Loj ju Jl^ 3 y ^t^*l j) ApLwmj . ajljc* ^jp fljL*P *»> jJl d- 1 IS"* 131 

. APj^^- oJ*~>r- JjL- j jCLxj j C jJt ^i^Lflj 



jJJ 4*p?\ y : jup ujUI 



OlS%Jtj _L?UlJI y* l j£’ jj-jcJJ 5JLjJj AAj ^1? 4u.tJsaJi <Ssb t/jj^yi (_g ■• J\ z*j 

j^-3 v. * n -i^* * jl Aj b ^.o-S'"' y ~ M (3 

* 

i y* Lilp ^A>sJL **A] ^jajaJl (11 — 3) ■ ( ^* r j A cii < *^**^^; Cf ^ 

^ Jdflj <b-t^l Aj jLplj JL>-ij . ubjlyjl dJs>~y q Ajjljil Cj^" (,£ j£ J- # 

# 

4j tlJLa*> <2J-b £ ^ Ob" bl • L /' j^jl OJ-b iS <^1 5 yljJl ^iai .^all jL~-« a] j 1? 5 j — Jb 

" fi 

jt 27t aL«i£J 1 5 yiJiii j : JSLiJi L$ 1 p 01 oJLblc ji . °37 <j> JJLi> j $ 1 01^1 :J$1jJI 

. 4P-L~Jl c_^> jLaP b<Aj ^ Ajjl^il p-^jJ .OLplj 6»28 

.O^Ua^l 4^L>- yaju JJ j-* ^^JaxSl fUaJl (12—3) ^^iaj 

aJlfc OJ^jj oLss-jjJLj b* Ajjljil { j^ iS j* . U<ajl Jajosxil U-fc $.LJLpj SjL**Jl ^JL>tLw*o 

^Uaj iJI^jIj Lc.j ^JLp^J -fcwftJli ( y* b«-b Apb-Jl c-^jl-AP a\ ^-Ij Aj ^1j _Jl 

<_£ jjLil jl Aj < 3 ^aLpj C b ^£w-P C.- ^ .^Jj-yij| jJtiL) 4jli-*lil jbl J jh/ 2 3 — * ol iljL?“)fl 

3 A^laijl ^»til la ^ ill ld-A j^Jaj .A-j^aJI jbl ^]! AJiLi Ul 1^*' j*-~^ ^^t-1 

f # # 

3bk-*iJl ApL-Jl c-^jLaP dbr\j A^-IX» (j*** 0 . 






3tt/2 

.frljjjill ^ A j. U ntil CA^\±^\ ^ Jjjoixi :(11“3) tfti 



t-*Utt\l J 4 Aj^LgJIj tcllVL^jVI :^12 — 3^ (JikiH 


OLw*U jJJ hor\ ja : Jufi oUl 


uLjI^VI l-ix* IA j £ JA S Jj)j 4jjlsLA 

. l^JlP J j+aJ-\ Abb-« jIwJlI (j iJL^ jA o yb <bLc« jj 

;aJLJ| AwjyaJlj jJsuwj 


r = a 


^iU-LS" 4 ±AJLlc .vilb ( 13 - 3 ) j£-iJl .a > Oj ^ r oi > - 

(j aJs^o Ua>1 (v-JL* i(<LJjJLJl) AJj^LM AijJ 

. oJu*IaiLI oLolJL^^I J$ oJLa*j* Li'y^Lic* o j£> J AjJajflJl oLjI 


tfjil (JU 

j>- Aj! ^jj jl Ip <3 (J l*i*U? <_$ j^-S/l pjij ^jOaj <x>r jj 

Aj ^Lp 0-i-A (3 ^b^J b-^JLP jtdZ+j* ,|C*«Lai 1| l«j-A J A^JLAzJl Jssu***^) 

. j*V! L^jc* bJbl*j bl ciJ^j jZ+*> j t j£\ 



3tt/2 

.CjUSI^ Iaix UjSj* 0 jSU ^ia ^jM :(13-3) Jlill 




MjJj MjJ 

<W>jSn 5 ^Ja~- JaUJl £-js\ y> J->-j ^jSLiu d jJd! UjJj btjj 

JckZj Jo J-a** ‘c/ 9 ^ Jajs^- (I -14 ~3) £w»jJ .frU-wJl J$ j' 

( JloJtJl ujaiil) +j?$ J ^JaJi Aj ji j J?IaJ| ®ii> J-L~u .Aw?jty d ^fsJl ^ jdLliu ju^>r <j JOi^Ij JU Lxa 

jJLp ajjIj; jSlI S^sJl jr 4 ^ *(<4 j*^ L- J&J f) —90 JjWl a^jI ijj 

dl^L^ \JLwhj ®L^1j^ L?r^* A-^j l)^^j . ^ J Aj^lj aJ .^^saII j 

tyjLip £» j (J apLJI c^jIap <jl ajj^J ^-UJ .tl Ja>- Jl <L~« — JU 

^ j j>lJJ a ^ jJL apLw^JI 

- P0° <^1^1^ jJl Aj jlj < + 90° 

- 180°<3 l>M JjWV>l)< + 180° 

AJ J X« ^ Jv; hsl l £• jAva — J^laJl Aj jij J-sOJ ^ jjl o yijJl vJj-vai ^C. jSfl ^Ja-^» 

A**. fcuib J {£ JsJ^f jf j& (Jjb JaJ£ *— i\y\£j\ <3 

.JasU ijll 


* , 
yJl Ajjljj <JI JjJhJl Aj ji j3 <j jU+Jl Aj j!Jj 4jjL+-~JI JjJaJf Aj j!j — zx J 

JjlaJl Ajjljj Ajjb-~Jt J*b\ AjjI J oUj1Jj>-J eil L?^ j - 

jjSo ^ £«Ja^ aJiaj li^JajI £.L*»MiJi ^ C^ - cPj (X» j) aJ AjjL*«wJ1 

.(x, y ) aJ Jl ^ ^ aJIj JjlaJl oLJlJb-l 

j^suiii ^ jM 
+90 = ^1 jiaJI J»ii AjjI J 

>f 


^jljJi wiVl (_^jO*aa 1 I 
180 = ^l j^JI J>JI A^jlj — 



-90 = ^UM JjUI^jIj 


+90 - ^ Jjiall Ajj^J 
— 0 “ JjJall Ajjl j 


jimjjc Jjla JaA. 


-90 - ^ijU 

U 1 Infill 

(i) 

AjojILo AjjJa jVi ej^li ^il jiaJI J^lall ^JJJ ^pajaJI Uljj ^(1 ~~14 “3) 



jJU W-l ja : jup 


J jjl&l 1^. ytifl J y^-.Jij cJ/^'y/ 3-L-^J 

J j« .<alt j»il 4j_jlj *-» (dec OjU •ai*-!) i— Si ,JjUa^ .^UiJl 1 -La J} — 1 4 — 3) 

Ala>*JJl <3 & L * * « J l 3 (Jf-k&yi {j* ^j- 4 Jf-*k (7£/4 ajlval^-l) — «Jl 

>-Aj aJ J* jL) d^lpLwkjL ^^-j-*kjl «,^3 1' ^yLflJ .^JL«*mJ| d^^Ji 1 JL*j 2. ) 3 Jl J <|f3 ♦ Lg^J l<»L*J f yJl 

’ JlxJl (3^J bljjl 360 3 apL** 24 •^ r ji ^-*>~ co->l^s-juJl 

-90° < dec < + 90° 

0/*<&4 <24/i 


^jUjJ! ^JLttjili l jUill 


dec = +90 



W 

.^IajoJI ^a djLulia.yi jUu^ (RA) ^ n*jll (dec) <— ^ ^>»jVJ :(<-r“14 — 3) Ji*UI 


J&& <y f UaiJt 

t((15-3) j£ijl) jydl JjtSZuJl eUuUL >\ju\ Jl iJuUdl oLW|l J_^.Ji ^j-P-b 
x jjlil J ^Jp o:>Ip a1&~1I oV ^ pull ^ J .xyz slyai)! jl J^Ltdf - fiUaJJb Uajl j j 

^$*^1 aS" (j^ 4 oLx>»xil j-^Ji> .z jj^-\ J j)* ^Jp js* J j>cdl ^ jij iyj 

5j>r jJxil aJJ-I ^ j\ tS^aiLjl ^ jJaiJlj ol ^^Jl Ji* j- Jsu~^ j^jaJ J cg-lyaiSl 3 ^ ycX j 

^Uil JLp <U^i_> oL£jJx)l JUljJ (^1 iikiaj* 1 di\p oL^jJlJI j j£ J . yJLti' 0*A^rl Lai y ^ Jl 

.oUji dj%* j\ jl jA A-Ja>- jdp oLi>*-lI| dJjb ol jJu J j£j -i* . aL^L 

ol y Jl .^j*>l!LJj (^jl^jjJl c-UiajaJl (j (J A-^aj* ol yy^^Ssil yX*j 

l*-^» j dJJ j-^ ^i*J ^cja-wJJ ^SJai-1 Aj jj dXJ p jJJ jl fbj 

(J aJJ j! OyjJj t5xSlJkl IjJjjJJ ^ ^5-tjdl jjad\ Jupr (3Z)) ^LuSlI 




frUiajiJl -IpIjLJI £-n^ y* *Aj JL> xl] 4-Jl ^Ufti (16 — 3) 

iS <j q ^JL>cJ cxyz jl A-jjl^ojJl oLjl-b-^1 ^ LjjJ OIS^ lil 

* 

f{ \ .si a\\ ^ p 4]^ A) LjaJ oir .jt <pL«JI t^jjLap i y*. „„ j _ 1 L — aj^ cxy 

<1~£ (1 q , r, z) 4-J^i^ P £^>y Ob .P' y* xy <s 0? ^ y*0j 

xy l$ y~S\ J x j P } = q 

IjJlIj P (^lajiSl i^Ja ./ai) JL*Jl ■= r 
xy c £ jz~0> I j* P (^U; jl) jl*3i = z 

* 

-XaJI Jj a] ^-- - o5 " Ajl 

.^M\ 


CjL^pU jJJ h&r\ jA : 


x 


^ -Ltiill M jkx-Vi CA^yt :(16~3) 

Ajjjilt uily^V) 

|JlA A^JUj .tUiaiJl <j J^lJLjl 4jjy£if <J^>LJfJ->- yi ^IJiJ (17~3) 

Ju Ail~Al JlC <^iJl r jkill jWiJ A*U?t £* J! ^*Jri ^ ytll Aj jtjj jl ^*sM J jiai\ Ajj! j fUaJ f Ua J _ lt 

<JU*£ (long, lot, r) O^iiU p AjaiJl £3 JjJb£ ^ J p AjaiJl 

P Akidi J jJaJl Aj jt j = LoWg 

P AjaJaJLl Jp ytJt Aj jt j = 

j P AjaJbJt ^ju (jiajiJt iJwai) -X*Jl —T 

JL>rjJ .dipt ^Jtj l»ljjjl ji-Jtdt Lilli ^obrjdilj Jliit li-A (J WjjJl %\jJ-^* <_£ y?r- 

* 

,4jjj£jl <SsLjJ~L>~yb 5^lp J^X c^ljajJt t wLft J$ C->l jvkIa dJLP 

(^ai — x) AjALjlfr^lil ( ami uLu) laV I 

^y* i- y>r (J J»l iJl JuJL»»ii ‘L^jjLf-jJUl lJu^J ‘l*L>-yi ( 1 8 — 3) L |^-- Jl ^ v> 

# *= 
j </3 Z til .L^JjjLp^J ^Al~«lt jjp cl*la>- ^Aiw*At (J^xilt *Xy 

jl a^jv djL*i^t o>li ^ -*a 1' ^5^ y L^-C* j "ll A ,p»X*Jl 

\ ^Jj Ui" lit I jSC*+tmA ^ lit A L'^ (Jlilt t^Lft (Jj ^jl^*lt 

-/< jc< 1 

ft/<y<10 





h&r \ ja : jlp u->Ul 


j* j £* I -b .(10 iSjA-i) (18-3) <j y jy^\ — £ 

(Jtill <3 . \ jA+p y (+-*3 Oj^j l)I ^Jt>" (3 ^ 3 

5iiljil £j"L)l (j y~A\ c(JUU- <u^S \A*>. ■) y jj£\ L~$^p bl ,xy <J y~A\ ja jb Jl j 

^JUil jvuJS 

“ y) AjAjjjlPjIlt ulygj LjUjti^Vl 

Cr 4 3 JbJL>xJ ^JL>«ju«ll <u*-J jLp-jUI cJwaj (19—3) ?w?jj 

(S <S V — 

^«aJ1 ja^.16 J . I .]g„>» jjP <J tbaJjjlp^J *Xy iS 

p-*» J < j^C .(iJU- j\ dJj>-I^Ji 6 i ob ^Ip X ^■ ^, *' J 4jXXaJ1 

i ^Jb L^S*" b&l j it***** ^ l a 1 \s * a tJi.. *y~, (Jbll 13 »a ^3 

0.1 <x< 10 


-1 <y< 1 

jl ^>S"t OjSsj Ji .(10 i-xJl l£>^) y* (19—3) j x ^ — £ 

Jj^ 1 Ui*oJl Lla (Jtill j ,\ jA+p x C)j^j lM aJI^- ^\ j ^ Ji 

^il ^-jUJI {£ t(4Jb*i 4^i Ld.*^!-) x j b—^p bj .xy ja j__1Ij 

^liil <j^*j 


y 



•ij^y jj*~* j x jj^ i fXujlc. J }l\ 


c xy <^s ju H<a. l i :(19*-3) JU«A 




OlUa*ll ^ j 


y* f.y>r (J J^UJl Aj Jj>«_i1 4L +jujL£jlll ^LJlu^yi (20-3) 

^ Cf-J^ u* ^ ^ g?^ ' x y 

Lk5^ lil U^laJJaJL* 0 yJl j y^OT. 4-^r j-*) 4^J» oli a jLM 

: ^- 

0.1<x< 10 


O.J <y< 10 

^ (3 j_^j .(10 c&i’j* (20-3) t3 ^ -* ~ E 

(►—■j U* £w» _ jit Jli' J •' *!>' •Ol*- (,?' tj (j^Ji. V ‘2JJi y*^>' y j$*\ 
^jLJl <_£ ^i**Jkl ^ ,U»^. .. tU^JS' ^1 JL>-I djLi>J I .. .. ‘x p lil . U at xy iS y • l)j^ ^ 

•c? :^i aftidi ^bjSh ^ ^Sl iiii >i 

y 



^L)l xy c5 xU-l :(20-3) Ji2J1 


0.1 


10 



A^j [j ^Jp i " - ' 1^1 0-L^»r . flj -LP ^Ju^JiJl |j-& wA_ „ P 

4jli J 6J5 Aj^r^H (jf LaJp L 

0 

Uiij J^UJl ^aiJl (_$ j.:.^ll 2>JJ~ . 1 

.5iLw (a) 

(b) 

( c ) 

(d) 

L* .oJb»-lj A^aJj 3 oLi>udi C(J,jI$oJlJI ^ oLx^ <+** S dW j — .2 

ap^*3t aS" ^- iJLl j-A 

(a> 

(b) 

.OLil (c> 

.Oswxl! lS Ip J ^-v25>xU aJIS" ol* jLc* Ja- jj N/ (d) 

cJwaj oUj'-X^^I j .3 
■ ■-^ jij>' ^ (a) 

■^■ij^'i 1 J^3 (/^J^ , - i-ai (b) 

-^■' ( c ) 

•i^- dr* J*" (d) 

?o"jl5ojJt oClJb-^l J x 2 + ;y 2 = 16 sJ^Uil ^^>.-1 fl*Jl JSliJl U .4 

• Ja>- (3) 

(b) 

•V‘ b (C) 

. J^iJl 3i ^*1 iJIS' oL* _jL» ■Xx-ji V (d) 

qj jJalJl Ouaj r t«Ljaill oLlU^-'yi (3 til 4 iJL«it itaU^ L» .5 

■r = 4 (a) 
•g=4 (b) 




OlJak*i1 p-ij idJUll J-AflJl 


./ + q 2 = 16 (C) 

. A3 ytl aJIS" Ol* V (d) 

aJsu-I^j aJ AjaJaJl ^JJl y (Sy ^ • y* \ — A -6 

^ Jl A^w-jJlj Aillitf. bl jj 

.A-Jaill {£jL~a (a) 

.A-Jl (b) 
.Ajj^JI y*~A (C) 

,Aj2jLmmJ1 iy y*+j*A 1 (d) 

jiJiuf ^j>ull jl Jfi ys>\ .(21-3) j a >*^ y By A U-4L^jj»j Up* j Uil .7 

?jubUi! jJli a5" J ^LU ^Jlp y> U .^U^i j 

• ^ ^Ji ^ (&) 

.J^l>- d^XP (b) 

Cr* ^ ^ ^ (C) 

.AS" yjJkl J j}J~\ iJLP A3 yw (d) 



.By A t"iljWi> .7 mJLuiaI] ^jojj i^21 — 3) (JtASI 

V J£*ij <jl.&AA qu'iVi a I I jl jial 



ol j*\ .(22-3) ja Bj A <jutaU^ Lil ^y > .8 

Oy^ ^ Jjl^-4 ^ap jb L* .^jLi V 

• J 9 - ^ (3) 

.J_^U- oAp (b) 

♦ J^ 11 </* v ^ (C) 

. aS”" J jLU ifcXp Ai^*^ (d) 

ot J& j&\ .(23—3) <j 5j ^4 Uj^L>«-^j ^jctaU^ li^j Lit ^ jj\ .9 

?jctaUii ^‘U aS" jZtl\ J jLU jJLp y> L* .^U V jSLio 

• J 5 " C5' •*»> V (3) 

. J ^ <b) 

•J>U ^ ^ V (C) 

.aS" ^ jdl J j)J - 1 iJLP A* yt4 (d) 

? yL^aJl ol4lj jjl^l ^ C^' N oLjIJ^I (^1 <j .10 

.oJL*l»iil oLjlJb-^fl (a) 
.AJl^Vi oLJlJb^l ( b> 

.Ajj^JI oLilJb^l (C) 

. A^^jj jIp jJJl oL»!Jj-^I (d) 



.^jL$j V (jljlAA / jin-xjuftli J jpfll ,BjA QriHuJ I 1 riVu 48 ^LujaII ^jo> j l(22”'3) j5u5J 





• BjA (j/A^iU^H \y*>\* .9 ^AmiaIS ^>i j :(23“3) 

• V JSj^J JjOAA (jnW loll (jl (_pa jial 




, : 

' 





/Jbf Ol -1 aii 0 < j*aj>*_UJl £>jlf n 3 jiJ Ji 3 ./a IJL* ^yLj L* 

^Ap l-i> 3 **) iw- ufx Jl (3 ^1 -£ 2 -*^^ <iX^£' ^—3 • J- — ^ V * Mw * * ^ 

<Ip-L-.4 <U*^j (^jIa31 ^ 1 *U > 4jsIaiI 1 ti->j ^pUL*A 4 j LaIUt^-Low I ^jyl ^Jajl ( ^>«JLww m __j -j^ t 

cj^Jj .L* ja\ l$J 7- b_£ l y j **r\ J>\ Ji 9 j~* j o\ dklp <r3 3 ^ J j — ^ 3sfi l j — SluA 

.»/i; -by u j;ju dy} 

* * 

4tiiJ-U . UL?-^ b~ij S-L l*- 0 ^.Lj^aJI (j oJU 6 OJ 

jb*l^l .J-^aiii Ajli (3 fJi f ^^Ip uiJjJi ^jA JS^j (£±^^* 4 * -££*l| 

Ai £>rl JJ JJ . \ UP (Jj-MAilii 0 >bl^ (3 obi>«j^ N y i 3^^ 

^ij ^J>T 1SJ y»S/l .Lprll^ ^Jl 4w../all ^t£l UJb£s-C ^llJbj JJ>r jil jb^LL^t ^CJLij J-^ ift 

.(_£ j£. b* JJ+^ <J^ 3UpL~j obLkitf- ^Jp LCjj 2^1 

l ■ ; 

A4<y 4 dw ^B^M 

j^P 31 Upl^iJl di-fc ^ jaj j .i-^UiAlj f.bjjiJl J £~» 1 j 3 ^ 4 -— ^*UnM UP i y& I. jfcJfo < m »7 ■-■•■:* 

J-ij . ^1 ^ Uajj ^ jS /1 ^ki 4 -^-LlA 1 jjJJi cjuij^p'yij frWjjl 

tikip “((j^r-^^ <— J-* ^Ip (^jJl j j^Li>J 3 ! V-^) ^y/ f j 

4^-jaiL* Up l j UpI jaJI oJL^i c Jpl jaJI 0 ju$ 4 j ^Lijl ^JlJj! ^JLp jl5" Lf 




AiiUltt) t v|l 

y* y*> L+S* i «✓? 2Jli]l oIjLjJU JLJLj .obJL^jbj* oliw-JuA uliki) 0 » ^i* 1 


jJJ 4 **r\ y> : jiup cjUit 


P Q 

L < • # » 

i^o :(l-4) 

■L ^ Qi P Cj* J 5 " t* 7 * 

.Qj P jjJaiJl JT <d^- <^jjl ,L>- jJl 1 „.a.:.,«ll _y>> L |»..a:^..U • 


LIL tax. 

aJUII oIjLaJU ^J,UJIj j ^JLp j^p J^Lii Pj Q* P jl y? yiJ 

.S Jb-lj ^ jJjI (_£ ij Pj Qj P -Ulaill £JD • 
J^LiJl 4 _Jp ^JL (^Ail JL^- ^ jJ* S {£ y ~~* it ® 


4-laAj fi liya 


.n - 1 dJju *Uai J ^ aIsaaj^ 3 — Uh n tP„ <.... tP 3 <P 2 


; 3j>s^ox-s^ 3Jli)l oljUJU (J.bJlj j 
.« sJbJ [/ iJ *Ua* j P n j t... iP 3 cP 2 tPj i?UJi £ju • 
.« islilli aJLp (jS}\ JL>- ji\ i-UaiJi yb /? JmJl [/ *UaiJl • 


3iLuiAH (jjjjj 

U^-Lj J-^aj ia>* J y? ^Ip £} dl£b P j-* P 3iL« JLl 


.P0 


l 


iualUSt 1 


oJu>-l j 3jaiJ JaJb JL?ryj Jj>t (J, bJb j .P j P ^jcjaii ,jy ^J-^aJ A*yL u»v> <uia3 LjjJ <u( y? yail 

. jJJi (2 -4) ,PQ = £?P i?jP ju a«^J>1 axUaJi JU- 


PQ - QR 



. <. flt/VVul) l^xa :(2 _ 4) (jLuJI 




jll OjjJj 

M -Qj P Ox ^ AjJaiJl L .Z^jLi* J?U> J^>y , — j i?j £)j P jl J- — £ 

<_£ (j £} 5jaiJl <j <u*ULi A/j I 4j jijJl 4jb5^ (J.liib j . Qj R aZ>\ 4*. jc~» — ll a — *JaiJl 

<!>*. J o\j^ ab4t JbJL^ ^ bl . ^ RQP JSLiJl J* j Z QR J£aJI J*U^Jb 

cii M ry a~*\jl» 4jjIj)I J,J Z RQP M J>J L y 3-^Uli <J>J Z PQR OJjS' jw c^-LaJI 

. Ob.il j3l jf oU*-j~tib L^ap ol~«Li lOajI oUjjaJI oA* y j> Ji ,((3 — 4) L 

R 



Q 

.l^u»U Sj ajj! jll ujjJj :(3~4) 


J I ,M ** 

Ajjljfl i fl*UlL4 

U5" i?j c£)j ci 5 J?UJb SaJ^ 1 180 y yZ L^bij ^ PQR ^ j iaJ 

b* ijaij £ CJIS”* lil . ^ PQR 4»jljJl Af Za* -b-lj ~b>r jj J,Ulb .(4 — 4) 

.Jywaj J,l 4jjljJl p-~ij iai* ~b-ljj *Wjj . ZPQS — ZSQR OU <>Q y aZ&- M y 

M 



. Ajj! J>ll l Lala Ial* l|4 - 4) (J£*£JI 



OL^bjJJ hor\ y : jLfi 


1a\ju1\ 


.L V 4 .\a6 > R P A « l b L a (Jp J 

(^ij^lp Af 0 O-^J s L- AjaiJ j I p-jilwJj ^JaJL j R ^ j£„ M -la^ii J — >4 jj -* — >-lj — * 

.viJJi (5-4) J&Jl £*» y .L Jj> 

M 

r n 



Q 

• > 


. 1 JLU I ^5 4 ^ 


4.4 AlmaM Ajdaill 

•* 


•* ** 

V AaA14 


Jb>-ljj Jo-ij wL>r j — j .R 3 P ijy JfljaJl y. j Jb*a ? A^JLu~ * A — *Jai L jt — 1*1 

Aj Ji p y» AjLj.1 j j !xJ c>* — A Q aJ \oJC. ll <J L, A^jAIa^ Ll A daiJl Jjoju Ai Ja ai 

(6-4) TW? Jj J ^ y\& cJua l/> A-4^A1^* A*Jai ,J^J JlxJlj j ./? jj y» AiL— JJ 


.viJJS 


M 



. <4J|LUua 11 Aa.lifl)' C JU*a U 1 JUa 1^6“ 4^ (J&uil! 



jL<» u Al jJl J -^1* 


CjIaLuaJI £ jla j £-**, 

jZ (JLJLj .Rj P (jy Q 0 j^3 c ... ^ L ^.j: — Al ^^Ip u»u; /?j iP ^j^c: I 

t((7 4) X< Al J ^1* ^Ip 4*«<IJL* o>*liL*Al lAlAl 

Q P 


P 

< l 


PQ 


QP 


PP 


■ ujlil matt ^ :(7~4) 


PQ+QR = PR 
PR - PQ = QR 
PR-QR = PQ 


MjjN £>J £** 

Uj^Jl Q sJaiJl (j^A i .-A p~~* <J y~~* J A>lii gj\ Sj <V?j t Qj tP — 1 

jr aJUl oVaUll Jz JUL j .(8-4) jSLsJl £ y L_vT < ^ SQR j < ^ PQSj t ^P0P 

:U _jjJl oL-Li 

ZPQS + ZSQR = ^P£W 
^P£>P - ZPQS = ZSQR 
ZPQR - ZSQR = ZPQS 


s 



q •MjA!' cjKj fr**- : (8“4) 



OL^UjJLl 4j&r\ jA : jup o\Jl 


0-1 JL ALUIaII Uljjli 

Llj^Jl £jjS" ^JL iLUxll LljjJl ^jpJJ »P (J OLlLUii* oU-jiiv^ A/j X 01 01 y> y aJ 

*“' s’ 

.Lub 2 jjL-^ LijjJL (9“4) ' $ A>w»jil y Lij^ll £* jjj Jf 



. <jjLa1a (jtfi jib <Llixoll bl j^ll :(9“4) J & Afl 

UHb ^JjLIaA Ujjfl 

Qj P ^j ukftJ L Mj L L*JLu~- N OL j' Q Lam A uu^ AZj 1 c)l j *A^ 

<~J6 yH I j-kjj *LZ^b i&LiT/ 6/jr>/^ (10-4) JSLiJl ^ JC 1^1 CT^ 

^ Z/ l? Lp to iV Oj^i .4 j jt~a» LL>-b *bLil LI jjJl l$Jl jLiil LI j^Jl 

.x = .v Ob" bl ixai j bl M 



.LjU LA Uib AbUUI Ujjll :(10~4) Ji£ll 





WjU <jjbi4fl u jjfl 

P A/j L ^]gi.j L^-JLi**^* jty . jLjlji* j U^ ~ > A/j L o! ^iaJ 

4^*oi} ^*Sfi j *4 ^* <bLdl LfjjJb (1 1 — 4) J$ jc i-$Ji jLi*ll LijjJi ls^'^* cs — ^ 

j Z/ ^Lp L^^>*1p A/" . aj jL^jl* LptjLp aJ^LiII Li^jJi >y i-$Ji jLiJJ LljjJi 

,x = y o\^ lii Aaii j lii M 
N 



Sj&lUli Ujjll 

AZj P ^Jaij lv? u-i*~. JV^SJ., -0L, OLa-jiu- — * A/j L — Ll 01 ^ j- 

4/jf>/4(12-4) J^ji jwy jUJl LijjJl ^Jb- .Jljdl J*QjP faiJl 

L:> y\s> N |».Ju^Ll .aj jL~^» 3 ^bLill Li jjJl .zj <.yj tx l$Jl jLili Li jjJi Lf U A^ii ^ *^J 

cJl^ bl Jaii j lii c jL^ij w=jc=_y=z — 90° = ti/2 jlS" lii Ja — iij iii AZj L ^ 

.iJli gfj\ Li JjJi 

P ^j* j£„ A/ Jai* JL>-ijj Jj>-!j JU>r jj . aJp Ajidij jJ> a]ojl j Z^J L»-^U~* L ji ri:i 

oi .Ajj^ii^i A-^AjLiki <3 cAJLAi ^>aI jj>-l ijLll ij-A .((13-4) ^^s-iJi) L c^Jij— 
i»iA CP ^ y _^i t |%-^jtLviJki i»-^ ^ S *"* ^ jAX*a«^* )| L*| . ^Uj I jlJ J i^XA 

A>U>i 3jjJUlVJl A-w-Jj^i) AjjijJi i-*-ii i^A Jl^Lii ^ (^i J ...cA/ 3 J tA/ 2 J (. A/j 

.ciXliJi A^LJi A-w^Ji oL ^lajj ^jy>i.igli iiLLtii f.LJbJj Cj^\jyJbS 




L 

4 ► 

jail Iju* :(13"4) 


JjLUt *ubuD 

Oljfcjflijj A/j /y ^15^ (1)1 . A^wJSJ jI**Jkl 0$ (jV— — *51 J MjL c f ^- 1 

ijyjl A/j L L)l«.. a . ; .« l l j_j5sj iawJb .A^ ls 1p ^*U- Mj Z, ^y> ^ — £ 0(_j t N Ls — !C U ,. 2: .. — * 

•((14-4) J^JI) 

£&La 1\ 


015" Ajl ^S"jLj Ji .U oJu* li. ^^Ip y* 151 2u jx*J,1 a~-JjO>1 ^S"5 Jcs- oliLilb jSju *\ l 

^jJjdlj ol jiaii-l J j»lJL>viu-lj oliliilj a^JjcII Aj ^iaJl ^\ j__jI ^ ^ — L*J oJl Ip 

Jj>" (J,J Ua^Ls^ ^1 151 A^J ^''Jl (3 jJail £ XZ J — 3j tl*jl *2 <JU> 01 — S" 151 

<* 

01 oLilill J j>- a^I ^i5"S/l jjjLa^I ^yanj laJIj La 0JL> <» jUa^* tL*~ >• 

.U 



<L*iJLA1 :gj\ J\ 


N 


M + 




L + 




.JiLU .uUill :(14-4) 


ALaj - 4jaij - aLaJ 


0 ^Lp A.l..^ a a \ a J?Laj ei*>^ — t /?j ^P ^ 

.((15-4) JSLiJ!) a^>w> <JUil 



^ ^ ‘<±dtt\ UM Ia^ :( 15-4) JiiD 


. r jjiii ^^p Rj ‘Qj <>p ^ • 

./?j oJb l l T • 


^lua ~ ^lua - J-Lua 

. ^^Lp ^JaiJl sj^> tWj ( S .4« J L u ».* ^Ja3 c!^!>*u (/j t7j tS 

oU .((15-4) £*-lj) Rj ‘Qj Q P J^UJl j Uj iTj (.S obii ULs^j \jj\ 



OU?b <u*-l ja : jup uUi 


; 4 JUI oIjLaJI 

.lilt* U j iTj lS • 

. Cl J iS 4P^_*2lj C. ■ 1 7 1 \ lj-A Oj^J • 

.( ( jSLiJlj (j 4 jL>L»J>) 4jLjUa^ Wj c/j L J j!b\ j^S\J olilill j *^ ta • 

- ^j'J - ^ 

A ll ^|S"" 4 )3 fl .f «i ^3 d .<* t jT "j 5 

Z 3 1 j x 4 jj1j o!>^A> 7j 5 qa *$£' ji ij? tj s * j ±* *<a\\ <~^> j — >-Slb 7 j S 

4 JUI oljUJl j jSj JUb j .((16-4) jSLsJi) 



- ^jjl j - ^ c^La :(16-4) JluJ 

.lilt* Xj dj lS ^X>o • 

. JL>-j cJjL* P ^JbaiJl Jj X 4jjtj 7j iS* 4P^b^i 0^^-» <w-. ltU • 

.4ijUa^ oliij> ^ X 4jj'j J!>lSLio j /‘j 5 UAl^Ll olikll ^ • 

4jjIJ - gLa - AjjIJ 

tS* Aja-^l aI^JuII bljjJl jyj X P olxjaAill La>li 4 

oIjLaJI ^bJbj .((17— 4) ( J^l»iJl) Qj P ^41)1 A/j L ^ ** ai *+ S \j j 

; 4j>*^> W 3 4 JUI 

.lilj>^j txj tS ^wL>J • 

. JL>- j oii* yfc y J txj 5 4ja_^l JJ iJLsM ui-ltll • 
^ JJi ^1*^1' £-* _yj x ji ^>-^|l sUi -> j t 5 4j^is» \S y^~ oliliil • 

.4jajUai^ obJtL* -&> 5 4 J jis> 



4-jJuAt jJt 



•*j,I j - - Sjlj OtSL. :(17-4) Jiilt 


^iiU - ~ ViU 

■^^0 yA yb L^S"* -L? Lflj (3 £^La1>^ sA ^3 O*’ Lo-*AXa**-» .ATj <*L — ■ ' 

:4j>w;j*w? 4-JLdi o'jL*Jl O^J jLJbj .zj tyj ix 3 yjjSl -(18 4) (J^-^S' <J 



.Zj j tx aJWjiJ' UWjj 0 ^ll oliliil ja ^ iAp ~U-jj • 

djj^^aJL cr J j <l~Ju JSLiJl Li) 44l^> oLtit • zj tx Ujj dAH ^Jl ohiiil • 

.(<U-jij p-*«-AA Li Jj^» O' 

^jsdJaJI (jJiuOA ddioJt 

Uj^Ji zj tyj cx -t/j t/j ts Lil^L»lj [/j iTj c5 b — juJ 4 — if jpj — iaJ 

aJLJI o^^Uil ^y» \j\ 01 J? .((19-4) — S') J,'^ — " ^ — Lp t/j c7j t*S £^*A — s^*AJ a — L ull 




OL-^U Ji h&r \ ja : Jup ujUl 



s = u 
x=y 
y=z 
x = z 

,4^-Li^ 4«JljJl OjI^OaJI^ If l . M .+t. Z * • 1 « A 

■ .x = y Oli (.s — t 015" 151 
.y = z 0U it = u 015" 151 
.x = z 0U ls = u 015" 151 
.s = / OU (.x —y 015" 151 
.t = u OU cy = z 015" 151 
.s = u OU cjc = z 015" 151 

^jlutU tidid 

3JLU11 Uj^il zj or .wj c/j ts lAljtlj Uj c7j cS ap!>L>1 cJi- L>jJ <L>I — lil 

:^?w5 tl^JlJl 6yjW*Jl j-* 1 j 1 of Jp j&\ .((19-4) J^iil £>r\ j) JlyJl L/j c7j cS 


S = t = U jl X =>> =Z 





iJlslI Mkll oljLxltj i^jL^. vUiLl 01 J jii Jdbj 

■x = y = z 0l» ts = t = m Otf' lit 
.5 = / = w 0l» uc =_y = z OIS" lit 

‘A_Jj JSLlJl £ Xi’S'/ 4- jL~z* olilill ^Jr JUb j 

tjjC-ljufi AjjIsj 


id Fj iEj 1 D AP^)b> lj /?j l 0_5 t/* -kbLJb ajjIjJI j%jI* cJ^ l t Ll> jl! Ail — ^*1 

aJull &Uli o/j JUb_, .((20-4) JiCiJl) uftiJi SijtjU J,Uil ylp/j tej 


* 4>*-k>*w 3 LaJ^ 


<^ 2 =/ 2 

c4-oi^- <LajLJI Ajilxiljyj t d <P*A->I Jljisl JL>rj tel *Uiajl ^-^w 3 4 j jr iaJl oijfc ^a^Pj 

. aj jljJl ^515 lilt* Ujllp cJiil Oj^s: 



.ujjjcljja :(20-4) (J£a2*II 


JlillaJl Jaa^A 

ls^ l O itf ^ C/j t Tj lS Rj lQj lP ijjill LjjJ <ul ^ j — lii 

ijy ® hj co-LpIa)! J^L 3 s .(21-4) <j j-* 

liJllll Awa^JIj ^ Ja*^ ^SLhj . t } S L«jUji?l ^JUJl 

B = s + 1 + u 


Aft>u Uitjd) ^IulaH 

^ 5^UIjlJI a^Uil jUy jSo: .(21-4) Jl jlp ‘l*U ^Jsll bJ 

I 4*A,yaJt 


v4 = sh/2 



OL-i?UjJJ aj&-\ yk : yufi 


P 



. < \Y\aW a^Lluaj :(21 — 4) 


^Ubjfl JtiiVl 


•X^r yJ . tp*. ~A y>r J 4^Jjl i£ 

j' cf*. ^ J * £-~y2Jl (3^ ^ AS* y^A ^W?J tl^Lfl^lySLl flJ P 

. £.Ijj*aJ| (3 oJLi> 


^iUaVi <£ jlji- jUaSi 

4-<^JLl*o» 4jJai Z) .Sj tZ 3 i?UJ\j b-L£ j\j~* b — jjJ jl — 3l 

(jji-^aJl) <jjJUJf yJajJi D Oj^o ^LJLj .0— 22— 4) J5LiJl <j j •* t ' L *^' -P OX J-v^j 

:4ijUai4 Z) 4^2 -v-I^j o-iJbM oliiillj 


APgfl = A/tfP 

jJzaJIE .((^“22-4) JS^Ji £*-ij) *5 j 5 — *Ja£ is — \ 

\AJu\hxA E a]o^\ y <oJbM oliixil j <jj\ ji 1 (j^Jl) 

AQRS = ASPQ 


£^LiaVl ^J! ji» jUaSl ' «;■>«** 

jju Jai]\ D -Sj i^?_} '•Q) “-P £)jS/I JsUJIj li-Lsi ^yw>\ tS'J'y* 01 <_/» 
j*H\E 3 Dcj* JT JUA JUL j .((23-4) jCiJl) Sj Q o* j-Wl E jSL-J j ttf, P 

:4x»Uai* aJIiII cjliiiil ^-1 jjl jli ti^JJjJ isL^bllj . T £-L>liiJl 4 \aht 

APQT=ARST 
AQRT = ASPT 

C) j^s J L 1 ^ JU *_ fl -/^ j LjJl) C)^* lil ! 1 */sA l ^VP 

{£‘j\yA 






(i) 



(1) ifjm >ilb CjULJI :(22-4) Jiifl 
.SiUal* £-!AjJaV) jljid (>— j) ^>laill jl 


P Q 



E 



OU?b jJJ &j&r\ y : jup 


Jjlalo n*\\ 

0 * 

oijL*il ^ LI jl ^ j£ I .Sj ^Rj ^Qj cP -bljtJlj I^U^w« £ZtZ>\ i^ZZ* LjjJ Ail ^ j&\ 

! OjL>- jUjL 4-^L i. Ul^jli a.,.:" , aJuJI 

ZPQR = 90° = jt/2 jb^lj 
ZQRS = 90° = n/2 Olplj 
ZRSP = 90° = ti/ 2 jbilj 
ZSPQ = 90° = ti/ 2 ZMj 

j j»JUx* jAj 1 5Ljax~~* Z ^ Z* ^ J ‘90 a*L>-1jJI L\j j)I ^ *Z — SO j 

.90 Ojl™. <LL>-ta Ajjlj ^jZt j^xj JblLj t((24-4) aOIjJ 

P Q 

— - • 


S R 

■ N,U-,..„ t; jl iL» jj£> t ^U £5L*SM c? j' >»I Ujjll diil£ lil :(24-4) JS4J1 


JJalut^l jUall 

<jij jtuJl Z) .S_j iRj <-Qj ‘•P £ 0 *^ ^ZEz > f Aji j? Js\ 

e <-* j^-\ i E J_ji» (j} L -d Z> j^~U D J_yl» (Ji j-iJ .5_j Q Cv. J Jla3&\ E — I iRj P 

tSZz* 1*1 ^Uisjt jvw> .J»Ja ; .-^ $ZkzH\ <-d = e lil .((25— 4) J5Li — ll) 

djljsii c-ilT 1^1 ^Za * Ijl 0 Z j* Z* ^ ^ “ ««.«« » ,d — £ c5^ jl?" * — * ^ S/ ' 

. J jJaJl Aj jL«i« 

jUaSi 

?j y >iJ> D jSy .Sj cPj cgj cP ffJ Sfl J*UJb bJb*i gjjl >> M 4it 

0jLp L o?*^ -iSj ^ uy E 

Lfj^y^ <j!5" .((26—4) JSLiJl) JjUJl ajjL*w» ap*>L>1 ^ — p 

djUail CJLS" lil Jaiij La* Oj^j g£ jl .p ^lp /) Oli t La^ 




<L< aJ >I :g \ jJl Ji/iall 



.JjUl jlLii :(25-4) JiiS 



iLHd Jil J u». jaaAlt V, 

S* <* ^ 

T tP/? 5 ./?j cjP J?LiJb b lili* LjjJ j! iiJ 

t i—3 <uJ> STQR tAjjl y* RQj ST . PQ £-Ls^l Jm — 

m j 

4jt J&aJI J ^1? jU * .((27-4) o^jLS^* jIaJu^ <ui ^ ^ « 

./?£> 5^J.I WaiJl J > OLvaJ _,L~. 57 



.iliLJI Jib UijaiJl <ui :(27-4) JS-ifl 




OL^bjJU 4*^-1 jfi : jiup oUl 


UA 4 jJvi Ixuijl* 


iPS ^j « /a ll <_ju< aVt .A T .*Sj (.Rj <-Qj lP £jjS/l -kliJij . 3 JbM t- 3 y>*A,\ kJ* UjJLI AjI JiaJ 
M . PQRS <J> s*A! lu*y£.TU Wail ^JJ . 0 ? ^Uil 

^Jliibj .Sj lRj lUj <.T i^baJb 3J3M ^Ji^fllt N . 7 j c£/j t / 3 J?bLlb ^jUall 

TU J jh SiLs^^b .(( 28 - 4 ) ^J^-iJl) <— 3 j>%±a 4 -«i A/j M <• ^ 

*? 

(^L*s ^-1 ^rIIj) .l a . .* 7 T/ (J jb tlM i£\ .SRj PQ ^)a oil <Jl ^i?l i^.<wa .1 b^Lww a 

.SRj PQ Jt>t 


M 



. <Jjui JajuijOR :(28~4) (JiuJ) 


^Ljll Jl&ll AjiiUt Ujjll £>*a-« 

<* # . 

Atalxili Jb)b j .(( 29 - 4 ) J^-iJl) zj tjyj ctj cvv aJ^-USI ®Ujj Lpbj LjaJ j! ^ 

loU-jjJb A^lii bljjjl CblS" 131 4 m £ aJIiJ) 



.^Ujll JSoiil Ajkl^ll Ujjll :(29-4) JiJUl 





w + x + y + z — 360 

\ ajia £- aJU] 1 <]jsL»tiU t jtol ^\j 1 u ^\ jl » Llj oJlS" 131 L*f 
w + x+y + z = 2 k 


gj jtjl» h,n >4 

y 1*5" e_j d Jl Sj t Rj iQj tP b-^ ^y^o\ ^j\ y LjjJ jl ^Joj — m J 

Jay J _jJa hj S-U-laJl JjJa i/ .(30—4) < _)^-i — ll J) £* — **y 

:*M\ ;UwJb B ^*>uSfl 


5 = 2d+2e 

AaLulaJI 

A 4j- 1—..-U ^Jaju .(30-4) ^j^--Jl j$ bLL** a.A^t (j. jly* WuJ 4jl ^y> yaJ 

A - dh 


P Q 



. .Mli d — <? (jlS Ijj .£■ jb-aS/l jl jo^i J -j . jaj Kj*fc ^ :(30 _ 4) JSi «fl 


j jxaI! Jbja^ 

S'* * * i J « 

y*> .3 jjL*w* <p*>L>i ^ 5 ^ Jl 'jWj iSj tifj « 5 *-^ jj-nil *jl ^aJ 

Jlyl^l lM jy^ . d — c ((30-4) ^>rlj) iSj^y^ ‘W 5 ^ a__1L>- 

^A s ^3,J\j B Jsu£- ^JaJU • d j^-\j 


5 = 4rf 


O^uU AjIiUi ^tuuvll 


Sj^-LJkl ^2-*j .(30 - 4) (J LajL» ^jl^I ^-^IcLl UjJl! *Jl ^y? y^LJ 


A = dh 



OL-£U ji) 4 j*r\ ja : Jup w>Ul 


JjjJalukaA Jsja a 

j y y US' ej d Jl jiafj Sj iRj iQj tP J»UJL i-lil UjJ Ail Jfi jlici 

Ai—^aJlj B J-iaiwJ.1 Ja^ ^^laju (JUKjj .£_UjjVI J jl» e l j£-J j SApU)I J_j1» d ,j£~) .(31-4) jSv-iJl 


:aJU!i 


B — 2d + 2e 


S d R 

.^j^a (JSuuillj d — e (jl£ lij « (JjWi \ a^Loiaj Vij-k o i (3X — 4^ 

J^kLuuJJ 4 * 1^1 

A aA^IjlII ^Liaj .(31-4) <3 U LjjJ <61 ^jp 

A — de 

yt> g J l\ 4P^>L> 1 jS j i£?j iP £->jil Aj*A] ^ (J0 j * A ^ 

.d u3 jJ-1j Jl ji»l *d ~ c ((31—4) £>-! j) AU- 

;2uiLlii 4,,»„ ; .,^a lb J? £_> ^il ^gjawii 

5 = 4rf 

4 -fJiUI ^luull 

^4 aJU^IwLII <b-LAl ^LajJ .(31-4) UbL« .xiil jii <61 t j^> jjlS 

A = d 2 

l! J*% 1 a 3 ) Ajjui 

gj (.ej id <£’*)Lp\ Jl jb\j Sj iR j iQj <>P i^UJU 3-tsM uJ> <u-i L> jj <61 Jpj — iiJ 






x L<fi'\Jbj\ hj 4Lj5^>wdl a-O^ dJ^li (J^ 9 d .(32-4) <3 y l — 

0^4111 oi Je j ^ >gj d (ji*ivaJl (jv ljj«a £- 1 ajjIjJI y .ej d <Oi*U^l jy 5 jy 2 — 

5 <— i y«-4l 4~i Ja^ O^o <JbJljj ‘(PQj RS ‘U-Jii«4l ^JaJijl) jtjjl^* /) d jJ^Wl U-^j-AJ 


B =d+e+f+g 
P f Q 



.L AajSi A^UiL^j :(32 _ 4) JJLulII 


<J J*±A\ <UiI U±\j>1\ 

A AJLgjjdl <l>“L^*AI ^ia»J .(32-4) ^3 1 -ajL** ^jl^I <— 3 j>*jX\ a* ... »*> L__jjJ a — 31 ^yj ■■■«^4 

CAju^dJb 


A ={dh+ fli)I2 


A*ua$U3t j jj! jili 

A^g? ^jA J cz^bk>t~Al JjLlj LiP'i .L-3lS^ a^^a*** 41 Jg jja 4-1 jt «<* i oIj j—^ ^ 3 -* 

, J (• a* 

AjjS^il <Jl^O*S/l JUi^l A^vwjJb lilaiil aJIiII ^4 Jl 

fli *ASj t j^Jbj-i tJa^-l .b*lpjl _r^ oL>^ll ^w=> ol » l<Sj >-' a pr j *j 

A^0a. i aj L* (jij LgjUg jS j ^^all i>-l y 4j ^LaJU L* ^ Ol .bJL>rl y a IS" J «jJ\j j j* *J?L J>\ 

.aJLU 


S jji-lfl Lj^a 

C^oJlj t# ia^l ^5^ .(33-4) ^3 y r U ^Jai ^Jj-^aJ 6 yb L»jj jf 

*aJLJ| Ajtj^aJb o yljJJ (.JyfjJl J^gtjC L/2 j1 ^pJj 

B = 2 nr 



1 ja : yup oUl 



S J\*U Ui\^i 


A aJL*-1jl)I 4j>-L-dl .(33-4) ^jSLsJl J liL. o yljJlS^ 3 yb \jjjO 4j( ?j*3 

I4» ; ,yajl oJ-ft ^!Jl>v 1^U o yljdi 

A = nr 1 


^jnalt Jntxa 

p 

ix/j^ J^ 1 ) r 1^"^' - tJw2-i J ^1? jj>o Uaib UjaJ U — jjJ ji — laJ 

(^lllljj .(34-4) ^3 ^*Py* jA VaS* ^ — jy—^\ t i-v2 > 

IaJLiH 4_~j yiiil Awayalb i? 



. ^j-aaLill ( aJoa!I a^Luixj :(34~4) 

B~2n [(r 2 + s 2 )/2f 





O^SU A jJaiU AaliUI ^Ul 


^jajti) AJbOjJi 4^>-L*Jj ^ \uu .(34-4) j lib* JSJL^I l^2ilj IxU* bjJ l)I jlLS 




A =n rs 


^aJIj gtixuili kzLutA 

^ jb^ll ol>-b~I 4^ lx) I £wa)l ( j P iaju d j-& cj»! ^b l/* (J "** — ** ^ 

IL>JLlAI <jul jjiJ 4ji (£ I C gizja*** ( h 5^ J £^23 5-lvSLdii .4^-Uil oLk^ v -^i.1 

.(b*,**bl £.IjJ*aJI (J j>P j*-P LS^) £.IjJ*a) 1 C? £^Mi)l dj-ft 


f JfrN f** 

JajJ .((35-4) J^-iJl) h apUjjIj ^ o-lw ( xUa>» aJApIj bj — * b — jaJ of J?j — xaJ 

./.III ^ jil 


V = Ah/3 



3a jj^aII ^kwi A^Lwm 

J^LiJl) SupUJI //g tJ»_j>>J.I j-tj P J .3 yb AJJlpli bjjJ of ^> 7 ^:l 

J?jjj£ ( j& 3 jLp jjISsJI 0j£ cb-£ 3 JlpU)I Jlp ao^Ip PQ 4^wiuJ.I Awlaall of Jp j i) .((36-4) 

l(PQ AjJaiil J^b) ^UJj! /j ^sJj c3~lPta)S Jins cJua) r 

5 J* jja** 4 j-L-w* ^U»J J,b)lj .P bJiJlj 3 yljJi l5 Ip abi <^f Ul^ ^>- J jb s 

,(^J*Jb)i (jub ^aJl (_£ (d*XpLa)l Aio i/j"^) 



OL-£b jJJ <U^-I : jLp ulJl 


5 = rcr 2 + n rs 
5 , = 7cr 2 + 7tr(r 2 + 

* '_ ^ It ( 1 j ** ■ 1 4^*Lmi* ^^2aj 


T=nrs 

T = nr(r 2 + h 2 / 



SJL^ljJl 4>-L~ii ^4 ^Lp jl*-* (_^jXv-w« 4j*xp\i lUjy£ L — jjJ jl j — iaj 

0 j iSapUll ^ c^JJi X (j p~A> j *Jaij g j ^ ykl p — pUJ 

sjaiil J >) ^Ujl /z j£J .((37-4) JSLiJl) X PQ W**~ - U <-^1 

L5 l«i J^LjJ (PQ ^AlwJ.1 


V - Ah/5 





ia jku-vi ^kui 


0 yb £ J* Q J tAl A*i oyb ^ J* P j .Syb li-Lpli a! jk.*l LjJlI ot ^ jJd 
a*-aJ 1 ^ jJb JS" ^Ip Ai ^>I p 4 ^ Aiw><J k i Abigail 01 ^Jp j&\ .((38-4) ^J^-*3t) Al^ja^'yi oU pli 

L^pLajjI /j ^-^Ljj ca! jU.^^/1 J^j eJwaj r . *L*J& A yte 4jijJa«*l Lj jJ O j^>i ^J,b — Ibj tS-A — pIaJIj 

Ao-flJt J yb A»-L»A AU-ya:*) *5 AljJa^Vl A>-L~* ( ^ja*J ^Ixlb j ‘(PQ 5 — *Jsla]I J j — U) 

(SjlpUJIj 


5 = 2nrh + 271 ^ = 2 nr (h + r) 



A^ftjUll ajjjI^ 31 <jl_^IajjjVl ^>>j a^L** :(38~4) J&Jl J I 

(SJLpIaJI j A*-aJ 1 ^jjb A>-L*J>, A,-*. «/3>< j\P) T Al^ia**^! A^-b*w* ^JaA J 
T = 27crA 


^juui ^jkyiV) ^ 

F ^Jaiu .((38-4) jJ^tJJ ^]ajl) <bA^l aI jjiv-'yi5^ aI LjjJ Ail ^Jp jJlS 

j»i >» cfyffjJt <jfjk~> y f 

V=nf h 


2u*\& 4JI jlxbul ^Lui 4 ^Laa 

OwIpLa] aJL^IjJI a>-1«JJ A i£ {$>**•* (S^ b&wlpli <L»Lp 4jljJa**l bjjJ aI { jPj 

o yb Ja^ ^Ub) ©ApUJI 0 yb Ja^ B .(A*i jia^l A*J 0 yljJ iJs-lJLil JUlb) A I j.U.^1 

a*jsJI ^jjb ^ y^~ (^ju aL^LaJI A^^liJl jl Aljk^'yi £^LajI /? . (bajl a^-aII 



cjL-^UjJU ja : Jup oUl 


JaUJl PQ a+Jcl*»a AxUi iS \ j SjlpU]! oyb ^ ^JiJl ^ y~il h x — J .«a — pUII j 

AjJaJLll J jl AJl c3 J S tdJLpliJl l ^Jbj A^iil o jJb <ju /* Aiii jil 

A^jaJl jjb A^-L^Jl AU^ial*^ jS A-jljla^V) ycla ^ A>-L^» ^gja»7 ^bjbj .((39 — 4) A^JalwAl 

(dApUilj 

S = 2A +Bh 

A = AaLu*a1I 



A - ^Ul 
5 ** 


• ^Mi>!aj <-«lc- <jl jla^l ^Jajuj <akLuM :(39-4j 

(aAplftj! J A-^iil ^ yb 4 j*-L*s1 4 \ j\P) T 4j^j)a^Vl £eja^< 4 ^“Lw» 
T = Bh 


^ y jla^l (> * *> * fAA 

y^J/ K ^ JW -((39-4) j£jJJ >JI) »*>Ui i;t jk-VlT i'l >-! L,jJ <ul 

j»i>i r uJi^ijj^yi 


V = Ah 


I j£JI gJlwi AaLulA 

^Ja— ' iy-Lw^* .(40-4) j ^i>y» jA L«5" tf Lft ^ial o J> LjjJ AjT 

y4 0 


4 = 4JW 2 





J^dil 



. (3k-* ^uia^aj o jS ^>*w j Vim) A^Ujjjq : (40 — 4) 


jjLosi F (%j<*J-I (jW .(40-4) j£iJt ^ o^U-f 5 /JlT » £ UjaJ 0? je iJ 

F = 4jc^/3 


umIaII gtJaui 4 aLui4 

vl 7 t ..•a . ^ ^a«j .(41-4) t J^~*ll (3 y* t,y (Jjl 3 UjuJ 01 

^ = 6s 2 


F,^J-l Ja4 .(41-4) JSCiJt J aJl^l sells' LC. M 01 J> j±S 

V=s i 


T 


s 



. ^ 1 >i-y <i j <, - ^ j £t_lajuj A^Loia ! (41 — 4^ Jiifl 



oL^b jU 4j&r\ y : yue 


(Cfl LJal> n 4 H f j\ jIa) JjJaluLA Ajjpli jy£> j-» jtlaui 4^L*« 

J^t <3 U5^ iMj itji LS ^j^a***v* 4 jUp15 jy^yA LjjJ 4 ^ L«jJ 

^ jj-i jll .(42-4) 


A =2st + 2 su + 2 tu 


f jl jl«) AjJaluM AjJ&IS jjAja p**, 

tf5 

^ j\\S' (04^\ *■ ■* ll I C aJLJ&Iu^. 4 I JUpli .* y* 1 ■ j^S 0^ j XfljJ 

Jiill Kf-J-I J*4 .( 42 - 4 ) 


V = stu 



. - - iA ~ j 4 m Wi . n ^ 4 jJcli J ^ Vi i ii 4 \l *a. * (42 4 ) J-i.M 





4LlO 4*jL2 ( c Ip 1 ** ' lil o .X-^v 4awiul l 0 _j^j J *j .i^ it *X*P . ^adl l 1 -La (3 U P 

.v-L^Jl ili Jj 01 L*lp 

jlai i_i*ai L* jl. 8.000 x 10" 9 t-Lfj*- 1 

■S>J^ 5.12 xlO' 28 (a) 

.>> ^2.000 x 10 3 (b) 

^ 1-241 (c) 
.^^512 (d) 

^jSl' ^Ja*. L* .Lj jij (km) j — x*_^LS~ 6,400 Lj j — «j j\l' j Ui i_i*a — j ^Jl — i .2 

.Ji.lS' e ^^ 5 jS^ 01 *ijy ^*4 jUp^Ij JUp ^4*j jil ol 





iLjJUU :g\ J\ J.^flll 


1.28 x 10 8 (a) 

5.1 x io 8 (b) 

1.1 x io 12 (c) 

.oU jJL*il di-fc o-Uil *V (d) 

kiJLJi ( j P i> yi\ . JawaJb ^1* 43 j ( J5"* J j]e L Li jJULv? jl ( j^3 ^lil .3 

oU*5sll ^^oJlSCj v-_JLL> j t 1 1 $-l* l_ 3 y>- J ^L> oL*S\ll ^ ^S”* 

3 ^ ^aj f-Lai 10 ^Lp tjJ — SI o — iLl J . 3 j-^-v 22 — Si 3 SHj — * 

a jja> 0*^1 V*\ pjf* .3 

.sio.oo <a > 

.$100.00 (b) 
41,000.00 (c) 

.a^Pl ai jljJl ^ 4^-i (^1 *V j (d) 

0-**J .4j j 2 a a -I p Uj I ♦^Sj^l 0 jJi j L^>«ia-w« dj^: aJLpli 3 t— aa» dJ — >1 j—Z3>\ .4 

^il 4 jjIjJI U .20 jl-*-*£. 3*^1 ^ijSjj ^Ja^Jl al^lj iSjj? £^L*J^ 3 *^-^ — i 

-* * jJL A^*i La>* C^t }*3 » — ll 4 jjjJLSI 

.70° (a) 
.35° (b) 
.20° (c) 

.10° (d) 

# * 

I.XA (*-**- > " J* b* .1 20.00 <&\J6j\ j Cal 10.00 » jJai Lil yta^>\ fit j kib-0 Ail Js\ .5 

71 * 3.14159 of ,^*La ^lijl 4 ajjL J b 

.1,571 (a) 
.6,283 (b) 
.628.3 (c) 
.1,257 (d) 

.jljjL. J.U ia-L~» ataji 49 Jai i_a.,^i l _ipLi»j lil .6 

.2 (a) 

.4 (b) 

.8 (c) 

.16 (d) 



oljpL jji ja : Jufi cjUi 


6j\Ma ^Uj 4j>-Lw* 2>by tJLitJi aUl* <.£e\a~*A y> f ^Jai ^a > _ac L^T bl .7 

.2 (a) 

.4 (b) 

.8 (c) 

.16 (d) 

10 ^ lS y*-j fl 6.000 I 42 L 5 " iuiM »jL* ^ ii»p- LjjJ <Lil i«J .8 

a-U jj> juz~ . J l ibT ^ L« 30j 20_> £■ cjI y«7: .« 

iali£” oi y yal ^yU- taaU.1 
•ft j- 0.1000 (a) 
•fl> 1.000 (b) 
.(*'> 10.00 (c) 

•fl > 100.0 (d) 

* * * jl *■ 

J,l ^JaiJl OLP-LiaJ 131 100 U> ^Ja3 cju*a> a ^ £ / j U y> bjy* b»l ^ -9 

?5 Jj>-b c£*iJl «■ A-lSsJl AiUaJLl I3L« t yi* 200 

•j^ J ( a ) 

.cJuaJI Jl (b) 

.J^ U 34 (C) 

. Lla \a\S" cjb yU^* N (d) 

^UJl il.ltJLl 5 « y j J ytj jlx^l 4 apUjjIj 3 U> yla aJipli <J tyyli* J- .10 

# * * 

yp (JyL> 0* b-^-C bL* . ' 25 ® yj <Jylay d 20 apIajjIj c 15 liyi^ o-L— pIj 

Oiilili 

.yucUaJl (£ yL~i* cJlL* (a) 

^ jypltj Aj ^jaj yXX (b) 

. 0 UjILl> jliiiil (c) 

»but yi u jr (d> 




%?> - 

■ : ■ : 

■ ■ 

■ ■ , ... 




AiuiVl tCiULjlPjlfl 

cmA 


WS' : 


^glp lASlJ d.X£ ^y* f > ^JLp < /3 < 3 3 1 (_g ^S„ w .i. ni s 

^Jj kiJL> l) jJJa^* 4jti <j j^aI^ J^r- jit ^J3 >f coLL-J“l 

^iJ-^UT i^ai\ 4jc»r' ^1 bl .Ul y 1 -JLlP U^Jj viLiP Cdwb^ ^^Ip JT *Ju*> 

,1$jp ^jJl JjUJ y^jJaM *44 

;-;j . 

jc" oLLpj t^Lv-Sfl ^ coLojLp jU\ £a ^Js' ij^li tiixiT — !xJ ^ ^ 

.olj-ll ai i* Jjllir ^ji 4^-U-l 4^1 J jUj^-^\J c-^w-ldl oi 4jli c^L^oJl t*y a 

. 4-^l>- j) Jp ^JaJ 


V ; ' 

S 2 


^%-i : Ji;':-y 
. j iSlliltlllSSB 

* 4 




.iJP JLp J U ^ CjC jij ^ (fog OU-SlI j *%J£j}k 

:<uii£ y_* ctj ‘a uy ijMt otftkJt ot 

a’’-* 

:J^sJl SjUJl v^j -a cr 1 -^ V-^ * r!j^ y»y 0i» (|VsJ^ 

J = log** 

^ , Mils'll’^' I f f 4 l3is , ‘;,’- 

^SjL-jj <cu jji-j ^ jjj > :if e jl (i-4»- e> 10 ^ UUssa-.l oli jU^jlll ^^**4 0{ 


V-v#: '* e ' 

.2.4 


W*J 


Wg^Wm 


y : Jup 


U*l\ CiULjlfr jlfl 

3 jLp^JJI w. • ^xj . <L*IaJ! jLpjJJLj LvsjI 10 o> L ^ jj j Ip^D I p.Jj 

:!Ai* J ^^Ll- y j Oj^j log ^^Ip c/bbUil 

log 10= 1.000 

(2-5) tA-Jai*! (j j; = log JC (1—5) £■ — *?jj 

. <*?r jll oLJLi-l .il JpS^ ^ip £4 lilt yih\A J^alaj . 4^>JjjlPjJJl ^..fl yaj oL»iJb>-'yi 3 ^ jJLll! ^>«jil 

. 4JL*15^ <UA*Aji-l ilbAP^/l 4Pj>»^*: ^lljl ^ «,Jaji 

4jtjjliH CiLojjjlt jiH 

^-j Li . *Uj\A^fl ^/ ^ *^**Jf Ji j L pjJJ (j Lv2. j 1 ^ -Sit oli oU: .jjU yjl 

" ~ <» t * 

:!Ai> ./og, jl In y o^Ui! J ®^U ^ jU ^Dl 

In 2. 71828 = log, 2.71828 ~ 1.00000 

(4-5) jjj .4jai' 3 ^ = In jc ^ js ^h-l* (3-5) 

^ajj 4-i^aJ-l jlJLP^JI ^Ip £>ll)i y\}cLj» Ip jl)' «3 l yaJ oLj)Jb*-^|l 3 

. 4jL*LS 4 .aA*A^“I 1 '&S'yc*£; 

y 





4 **-' j* : yup uUl 



AjauJafl 4JV^ *Lal*B CjUjjjI£ jilt 

: 10 .5-uJlj x J^xjuU ^JaJl 

log x = In jc/ln 10 - 0.434 In jc 

^ijjlpjJJi aJV*Aj JC (J^wU-U ^A-JaJl ^Jj jIp jUl ^*^p X 0^ ypykk 

\e jc J jxuli ^Uii 

In jc = log jc/log e « 2.303 log jc 


^l*Ji j! ^Jjjlp^iji . jL>- j* jLJLi>- jl^J — £■ y j x jl u^j — 

j-* oU^jIp^S ci! 

log xy = log x + log j> 

In jcy = In jc + ln>> 



obisii iA-— »S l' jdij tOUsijUjilt :^aUM 


(>-*) 4ouu fkJ&ji 

3 y&\ jl iSj Lw ( ) 4-— J fUJl jl ^4; ; ^" jvijLf-^Ul yOXP yj X ^ 

:a UpSII ^ JT oUijlPjJ 

log (x/y) = log x- log 7 
In (x/y) = In x - In >’ 

SjS 

^1 ^l*Jl jl aZ?-\ y^iT, AXP (_£l y * lfc T*^ p X^ aXx- x 01 j *4 « 1 

: Ui^ *—* ^ jl y s^iil jl U-^i y x J I 

log x*' = y log x 

ln^ = yin x 

X*— xJlj ^*»5^ljtlly X iJj^-J'l i_> j U l ^lx)l jl ^jtjall ^XjjLp^UI ,cory ^kji^ AXP X 01 j «4«l 

X ^-IjjIp jii A-ixkJt) A^~litj ^sS^Lnil jL~o j-jaJl A-L*jJ 

log (1/x) = -log X 
ln(l/jc) =-lnjc 

pJj jtp jUl iL£l jSlc .yL^Jl *b£u*L» ^La>- :>JLp j/j y ^ eJu>- U P JC 01 c ^ J .,.,.-LaJ 

:aJUI oo^LrII ^!jl>wU>-L> (1/y 3 ^aU Lpji^* jc Lao' aJI jLL>) x J y^JS y jjbwU c^UJt j? 

log (x 1 ^) = (log x)/ y 
In (x l/y ) = (In x)/y 


10 J-*21 5 jAl fbd! (UJjlii jlfl 

<* . * 

i^^ux^-l aXaJI O01a L%jI J ^a^o>- zXS' <jju Ojil ji j* 10 AXjlU ^Ixll yj jli- ylll 

log (10*) =x 

^ jjjlII Sjil jill 

: ax*JI oJJ i l*jta axc- <^L Sy») Uyiy g aJjcU l ^*-Wl jU- yJLil 

In (e x ) = x 



OLjeU jli h&r\ y : jLfi oUl 


jail 

40La^“I ijv a0OJ| a£)0J| 01 . L* 6 J* (J| C-jU ^Oj tOUj J-U- jjb V / 3 J *Ji 

J>J tAJj ta i^iJi 

^=y 

Q = 10 I 4"*^! 0) .jc ^ a (JJ y 01 — » (JO — Ibj 

■a = e~ 2.7 1 828_j 


4*1*11 4*uiVI gJjoll 

:*kt. ,l*UJl i^tygtjJL uJ lO^L-Sh oli a-— ^I^Jl ^a; 

10 ■ 3 ' 000 = 0.001 

(6-5) ,4jail“l oLalJ^-^l 3 y — 10 1 ^Oii ^j j&$\ (5— 5) 

j i^ *~ a j . OOlS*" A.di. fl.^0 &£■ yx*£ ^0)1 ji I lo ~. . |i ***^ , j Lf - i 1 judj 1 (J5 4 .. —.d.i ^ 



-1 0 1 

f ua LS ^i\ :(s-5) Jiii 



olAlill pie J gi jdl j tOUsij(p jUt J-aflJl 



AjfculaJI 4j*M\ 

*L**ffyl UsjI £ Oali 4. j .«Sft 

g -3.ooo = 2.71 828 -3000 ~ 0.04979 

(8-5) j . 4-iajJ-' oLjIJj>-')[I ^ _y = e x (V^iU ^■j^' (7—5) {^y- 

j v3~tf j .4L*IS"" 4 ^ a ^ fl I i ^ ' •* ^ -ia J , 4*^J0^Lp^ijl ■ b s>\ \ 4***JU ^a>xall 

. Vr ^ll jlapSlI Je glsll 

<L»l*JI AjyJj\ £j|jj]| CJjiLt 

* * * 

^Ull Jl (^jLw x J ^l*jl S"* ^1 L5J>- bJip jc v^xJ 

‘X J £jbU (^*-*-^1 aJL»jJ 

1/(10*) =10”* 




olihll ^JLpj jJlj jilt ; J.tf a)< 


vj^-* 

^**£^1*1.1 ^1 (J£ ^L~mJ X (J ^g* j|t l)| . Lj>r^* Lj4aA>- b«A .. P X J 

'.X J ys^uii ^Ojjhll ^*S/I £jllU (^*-«Jrl L _ r -£”l*il) ^»Jrt 5_-Jli 

\/(e x ) = e* 


AoyiVl £j) jlll u jm9 

^^'yi ^Ljl (J§ lj^ j «i< 8 r* x ^** , *y^ OJ ^ x , * — S 

o* 1 ^' Oi^jUit ^ jl X ^ JT ^ _^Jr (Vlill i 

(10 I )(10 > ’)= 10 <x+y) 

(e x ) (e y ) = e <x+y) 

AjmiVI 4ayu 

^ylp x J *■» — * ^»S/' (V^' ^1 -Lte* y Cfyy*~ ji^xe- yj x rj >^ — 1 

^JiUil ^ ol .yj x cv. <i y^ d! tS^—i y J_p^uiJ ^^S/t (V^ 

10 x /10 v = 10 (x_y) 
e x /e y = e (x ~ y) 


^ <^i £jisJ ^jUJi 

l(f jl»XA<aJLj y o^xll . j** l)LaaA>- . p y ^ x <j^ j «<? « 1 

•*.y 

(10"/ = io (xy) 

^flxJl J,1 jL-J e* jiJLa-<JJ y o yi}\ .e c£^ ^tdl ^gLp (j* laJ 

:xy ^ 

(ey = e (xy) 

<jjLukit A-u-uVl £J jlll j 4-alxfl *Lu*iSM jSll cjjJa 

x J ^ul! y. ? kli y^\ j 4^»l*Jl ^1 yS\ c_-> j^> jl .LiJL>- bJ p x J 

: J^aJ J>s>.<J\ 10 e ^L-L x J J>1 

(10*)(e x ) = (10e) x ~ (27.1828/ 

jlll <-J J^S l)1 . jA^\ ^gAjA>- iJLP X L^ 



h*r\ jA : y up <_AJl 


: 10 e ,>-1 l/x J j^uiJ ^1 ^kil Jl ^ _,U, 1 /a; J y^JS i-UaJl vSlt 
(10 ,/jI )/(e I/A: ) = (I0e)' /x ~ (27. 1828) 1/x 

ukll ^vi £jU 1I (jJc- ^Uil ^Vl £jUit 4 au£ 

* * 

^g*^JaJl j/l ^>0il JLp X <J^?xioJLi j*LnJl jl £->0ll < L o — J j| . Oft JL>- Oj — P X I 

: J^i3 jl 0 £j c csf . 10/e ^0-L x ^^Sll £-*0)l Ji x J _pw<JJ 

107e* = (10/e)* ~ (3.6788)* 

< Js- l/x fOll £-?0Sl 4^*— i J-s^l>- jl .yL^il c£jl-~o V ^ — p JC jf jVI liJ 

: 10/e ^Ut l/x J ^S'l ff Ul Jl g; jUo l/x J ^>~li ^^Wl ^1 ^Oil 

(10 //x )/(e 1/x ) = (10/e) 1/x ~ (3.6788) 17 * 

^vt £jU3I (jit nhlt ^Vt <Lau£ J^Ia 

^l*il ^w-S/l £->0il X <Jj>tIoJLj ^>S/l £-jOll 4-a— J J-s^l>- jj .OiLJL>- 0*A P x — I 

i J^ij jl Oi^jr. ^1 .e /10 ^O-L x J ^>cui 3 ^*S/I £-> 0 ll Ji x 

e710* = (e/10)* ~ (0.271828)* 

l/x ^*-«]aJl ^**^1 £jO)l 4 ^— J Jv^U- jl .yOail <_£ jO~j V J-* X Of j^fl ^ j — **-1 

:e/10 ^Uti l/x J e B Ji l? J~ d l/x J f Ul ^1 gldl Jp 

4^ui ^bdi £jU1I 

JO X J y>d\ 4^— J ^^S/l £->0ll 01 -_y ^ 0 jl -kl ^Oil £-* t JVJ x (j^J 

: 10 x ^ 0 -L 1 /y J JtS ^bJl ^-S/l £-> 0 Jl Jl e£jO*o y J y>*£\ 
10** = (10*) 1/y 

J ^>till J^p x (J 4 ^— J Js^lO- ^w.Jjl ^ja^S/I ^ 4 bill .jjA*- e ^* 0**50 4— -Ob 4 jIoAI ^j?^jl 

.€? \ty ^g*« Ja Jl ^Sfl ^IsJl Jl tS^j y 

f* = (e x ) 1/y 


^nai jiii 

C— u?r ® jJW J 4-jijA^- ^Iwlpl JLp J LI Jjjl JLp (jjaj .4-— *L-I <yli* 

J Lftj L^O ybjdi JI?j (fLjJf ^JpLfj iZjjljJf ^JeiJj i4j jfjJi Jl? j (f»Lj: — ^ — *-j ib jij. — ff 

.JI^iJl Js- cotj tsecj tcscj ttanj ccosj tsin Jl oV^Oil 



ouldl J-aaJi 


cAjA^S/' <— 3 ^>-S^ 4jb& <-?> jA Jb 4x51 j SIjL* OjJt^P 4jjJ^j] <_3 j>- \ bl jjjl ^1 U c 0^/1 £$>■ 

^JjU jyw? ^?-) Q 4^3 L>- colildl ^1 p (j Lj yiJ bJb 4-j-T^il <—3 ^>-^1 .zj t_yj ccj tw t*>b* 

L$Jp Ab>u 01 <iJLip u. :£ .b* 1 -L a ^bJb *(c3 ^ c£b JaiL ^JJb* <—3 ^>-) (f>j (bJ JaiL 

(J 5 jjp dbJj^/l i_- ^Jp tlJ-b dApLw«-jA^ jjlp c-b^S/l -l a dl 4 ^—aS* p l*.». > 

.dJL^" Ijj^j l£ £?** aib J^*Jl OJbip Jl5 4jSl Li^j* ^*1 L$JaiJ 4 ^AjS" Jaa>- 01 .tbjyaJl 

AjAdiLyiV) £j|jlD 

:aJUI %bUil SJuUdl olW^l J Syb jbiP^b 
x 2 + y 2 = 1 

<(0 ,0) oLI’IJj*-')!! IJU* IfcjS*" ioJl>-lj 5 JL>-j l* jja5 cJwaj 0V oJL>- j) 1 3 ylJb o yljJl oJ0& ^ — pJJ 
4pb*Jl c^jLip 4^»L5 xj Ixll ^1 P £ub L$-w*lj 4Jjlj 0 .(9-5) ^^-iJl (3 ^V3^>« I +£ 

3*X>-^]i o ^jb ^jJl £^l*-iJl ^jjbiL oJ-ft 01 jli-J . (X jJ-^l^iJl W > 

Jdlj .P = (x Q ,y 0 ) U *U* 

j> 0 = sin 6 
x 0 = cos 0 
yjx o = tan 0 

y 



• 4_u£la11 £j|jjJl AjAaj] SAa. jll ojjb ^Ajaj l(9 — 5) j£dJi 



jA : yufi 


A/tVutt jj! jail 

#* 

aj U j 1 4j jljJt fix fX’U > U :UjL» 4> yell a-j1 yS\ ^jA UiU?l y <U*yj ty \j i sJ* 1 ^ ^ >- 

tcof tfec iC.se 9 31 oV^Uil j lAjUai^l ^ ^ .i/jlyJl fix <JJ? fj\jj tZ/jljJl^bli 

: JbJl ^jLc- ii j*j> U| 

esc 9 = l/(sin 9) = \ly 0 
sec 6 = l/(cos 6) = \/x 0 
cot 6 = l/(tan 6) = xJy Q 

J y& d .i*j‘li 5 j jlj PQP Sj jljJl j A PQR (•-jt-oil Uiii.1 jL — Jbd-L — 1 

y* US' lRP d, «»^2T .*. l l dwlfldi' jJ dwlaall Cj l l d wj'gdH 

aj^ >1' i^JcujM .RP j RQ *oUU*ll 0 .(10 — 5) *J3 

\Ji US' Jl >t <_~U j£i JL* SUJt Uilill 

sin 9 = e/f 
cos 9 = d/f 
tan 9 = e/d 
esc 9 =f/e 
sec 9 =f/d 
cot 9 = d/e 


P 



.<£LJ1 £>! >11 «_idj*Sl fXQi dJUll c j _>i :(10-5) Jitifl 





Identities 

<pj 0 blyjl JLp £^oJt dJiA j-JajJ .AjylJbl ^1 ydJ IJddi identities Aib-^bl oj — iiJl ; 

Ui" <yUi ISI ^LiJl Jl^l yk-y 

( oU! J\j)0<6<2k 
(c-jUrjjJb) 0 < 0 < 360 
( jb^l Jb) 0 < <P < 2k 
(oU- jjbb) 0 S tp < 360 

y» ^Uil Jl^l yw5 b^^-J ( a-aj blyj JJ ( ^LaJI Jlsrl ^ jt>- a*SI yll bl jjJl J> y^- S^U- <Sj — £ 

4<bJL-Jl oL-LaIIj y>-T J,} (jv>- y* Ji .(360 ) Ob^lj 2n Ojbspbba-* ^ yl Ail y[ 

(* * 

L«jl^ Ji y^- y^ - ^. y^ - ^ 4Apb«*Ji v_*ybtP d\>rl L^-L5 y* *b!*-b Apbw*Jl t-j-JybtP dl4b A *.*> bill 

<u~ii y»Sh (>4a^ .J<50 y* b*bc Jit y&y J*S/I JLp 0 b^*J O ySi y~*-y yW^! * — ij j Ji 
4*>b^) au y Ajjlj oIjLp jL>-^i yw <j jy^byaJl .360 y* $ — b \jj — Jl ^ — Lp 

J^ blyjl ®^bp J «/3*S/l y* y^Jy 4^A*»*» j^ka <Z. J Jy^ 0 -XP yP yl ^y*»^*Jl b)ljy*-^-Jl yP 

O^bM aJLA (3 ^ OySvj y^Jy c4jL*Ji blyjJl oJj& ya*j ^JluJ . ^y^LiJl Jl^rl yw> £-Aj 

.^Ujt JUrl yy b* Aj ylj ^iLtil £jtdi Aiil^il A*JjJl JU-UO yJJ £-U— Jl yA 


j»Ul 31 4 -UAJ uuaJI Ajj& 

5 « 

aJIJI Aa*soJ| yajJ JbJby . 1 b«jb ^yLw b yl JJ ^boJJ Jl ary ^-1 oIaj j * ^ j 

'■J* 

sin 2 6 + cos 2 6= 1 

: Jyii jt Lu£c. ^t.(Ajjl Jl ^ ^ ^_^>r Jl ^rJj) ^ijlJ' s^ - (N^r* Jl sin 2 6 jy^i 
sin 2 8 - (sin 8) 2 

ol jLJl 4^1^-Jl Jl^j 4^b*Jl £-^1-^ 4 AjjIjJI Jt^j 4^b*Jl £-j! yJ ^Jp A^Olj y*S/l yja*) 

• f-bj-iil Jjy J., ^ aJ' l*XA ^y* b* <3 b»lji->» ^3l Aj^U^ll 


Jlallj q\ jjI & jjclijfl AjjIsu 

A-^- j J-P aJDI ^vaJl yjaj . — 1 jl 1 baJb jb^o AJ jlyll JjaJlj ^-bbaJl a^I yj oL*j jA yj y yjjl 

:(270°) jt 0 = 3 tc/ 2 ob^l jj <(90°) J 0 - tt/ 2 ob^l j ^b±^b blyjl 
sec 2 8 - tan 2 0=1 
tan 2 0- sec 2 0 = -1 



<u^-l ja : Jup oUl 


AjJLuJI 4 jjt Jit <_u^ 

Jl (^jujail dL#r*>U ^j^S^Ull *U^ <L*UL« Aj jl j) Ajjlj_il (J S\ nA ?r l)I 

! JLp aJUJI A. w ..,^ ? il o /2Jj JldL J tAjjljjl ~J>r ((^JC<Jrl) £-<kJrl aJL^jJ A-^jJL ^5"\xil) 

sin - 6 = -sin 8 


AjJLuJt ^Lu <_u ^ 

'.^Js* Ajllil Ajt^a]\ ( j^aJJ JllJbj j .y>r Jl jL^o AjjIjJI {JT^ ( 1)1 

cos - 8 = cos 0 


AJLmlt Ajjljll JJa 

.Aj jljJl Jl? ((^x*«Jrl) ^oj^-I aJol! A^jJlj ^**S^IaII) J^ ^jL*u AjjljJl ( j*S'\j^a J 1? <1)1 

:(270°) j! 8 = 2>nJ2 jl^Jj c(90°) jl 0 = nil OloJ U jjJl JT aJU)i ^Ji jV 

tan -8 = -tan 0 


'UiluJl Ajjt Jit ^Lu ^Lti 

((^**»Jrl £*Jrl A-i^xJ A^-JIj ^S^lxil) ^S^lxx Jl (_£ jL*o AjjljJl ^^**5^*-* fU? ^Jsli jj 

jl 8 = 71 jj t(0 ) jl <9 — 0 <l)lj.ilj LljjJi J^p Ax-wvaJI (jJaj ^b\i 

:(1 80 ) 

esc - 8 = - esc 0 

AJtuJt AjjlJlt fclalS 

^LiivuL LljjJl JLf- Aju^oil JjaJ .ajjIjJI ^i?U Jl ^ jL^o AjjljJl £• — j I 

:(1 80 ) jf <9 = 3n/ 2 Jlojj t (90 ) j\ 8 = nl 2 d^\j 
sec - 8 = sec 8 

Aai L utlt AjjtJlt ^Laj JJ& 

((^jcol^tI ^Uil) aJUjlI V-JL ^^Slxil) Jl C^jU-o AjjljJl ^^*5^*-* JJ* <1)1 

8 ~ 71 jlj^ljj (180 ) jl $ = 0 jLolj g.\:tl**ilj LljjJl J^P Ajc^aJl jjal .Ajjljll ^lc Jjii 

: (180°) jt 


cot -8 = -cot 8 



oiihli cOUijjlPjIli .‘j— *ii-i J-AflJ' 


AjjI jl! </ k-» UA 

c-^s* ^ AJ-^>Sn ‘-r^ >r J>i (5' V5 — ?r oi 

sin 26 = 2 sin 0 cos 0 

Ajj! jli <^i*J3 fUi LM* 

t^LuJllll i p * ^ ■ vtf I t t * )■* \.^i. > 1 1' Vj 1 • 

cos 20 = 1- (2 sin 2 0) 
cos 20 = (2 cos 2 0) -1 

AjjI jJI uiuaj <-ua. 

0 < 6 < n o L*.up s3li)l ^ ^ ^ (_^l <— ** <iflj ^ i— C c, 

:(0 < 0 < 700°) 

sin (0/2) = [(1 - cos 0)/2] 1/2 

( 1 80 < 0 < 360 ) Olpl j 7t < 0 < 2lt 0 U-LP-j 
sin (0/2) = - [(1 - (cos 0)/2]^ 

AjjI jl) uiuaj fUj <-u* 

0 < 0 < tt/2 4*JljJt ^ j * .o «i >fl j ^Lc * 0^"^" 

:(270 < 0 < 300°) 3jt/2 < 0 < 2ji ololj j _^J U.up _,l (0 < 0 < 90°) 
cos (0/2) = [(1 + cos 0)llf 

4 **^ (90 SO < 270 ) jf 7 c/2 < 6 < 'in! 2 ulpt j OjSsj 

cos (0/2) = - [(1 + cos 0)/2]^ 

jll £>»a^) c-ua. 

sin (0 + <#») = (sin 0) (cos <t>) + (cos 0) (sin <P) 


jll £^a 1| fUi uua. 

4* ^1 1 ^IJLSJL^b (pj 0 ^ 



jJL) h&r \ ja : jiup 


cos(0 + <P) = (cos 0) (cos <P) - (sin 6) (sin <p) 

(p» () (jojl j J ^ 

sin(0 -<t>) = (sin 0) (cos <£) - (cos 0) (sin 4>) 

oAuU Jj3 f Lu Ljua. 

: aJLxII ijLy^ai\ <p> 0 j ' j J ^Ur 

cos (6 - 4>) = (cos 0) (cos <P) + (sin 0) (sin <P) 


J*J* U 





aJjL^I A-jL£ .^ip 1 131 0«Xj>- . Oj J jy3 ll J_LP «,^3 6 il lj-A ^ ^ 

Ajli j 0^ j>-jA Aj 0^ LaJLp C£t-j>fcv3 

AP^a-S” - ^LrJI j tp jlil L*Ji j A»w»^ <* j . 1 

aL-IS" AiJLJ4 (a) 

a1*15" a-j>t jil Ai^iJ-1 ^Ijlp^I (b) 
aL.15" aJLJI jjp aIjaJ- 1 (c) 

ywaj! tUi^L aL-LS" Ai-iJ4 ->UpS[I (d) 

*w? y J^Liu c£l) 503 AiL*^ j* v- y 2.00 c£j^ ^Lv=» c£jljJl ^kiJl £-L — j .2 

^ijl j£" y y> A^IX» AiL^il jl Jp jj\ yjlJJ ^lxiJl J^aW ^Jupj j* U .(o j* lb* A — jjlj 

.^UaJl 
f y 8.78 (a) 
jli-f 17.6 (b) 
10.6 (c) 
iy2.79 (d) 

IaUj j& aj ^L iu *Xj a>»jJ a-^U-I aJ^I ?sin 45 1 — * .3 

. la r ~3l jJrtj (^i ^ 3 

JA 

2 (a) 

„-/ 2 ,_ 

2 (b) 





OtiHl lie'll gl y}\ J tOWujlP jjjl J-aiJt 


1 (c) 

,ol< sJla j* <-_*]! oJLa V (d) 

jL -.— j cA»l> * Li J ^ Aaj Lj jAa l — 5.670 jlp-^Ut .4 

1.735 (a) 
-1.735 (b) 
0.7536 (c) 

.ii jAA jJ. *A~iS\ u^£> V (d) 

oli SjLidl ^ijcAr c-x ?(10 <4553) /10 <3 3333 ) ^tjlJ ^ — * l — a .5 

.Ur 

10 ( a) 

1 <b) 

4.553 (c) 

3.553 (d) 

?x a*_» jjX- J *1)1 lii^x. tiL* .L$i»- 4ix» i_.l, lg j c* - —5 > t -. ta g-1 iii>' jiiJ .6 

y^-y >■** (a> 

lj 0 u>j £-*> (b) 

<ujLjl ^Afc4?" ^alp 

g> * 

Li-i>- bJip ^ (d) 

.Li C*>l lit a_-U-I iftl f J>U-1 ?ol> r lijl L^p In e a*J ^ U .7 

0.434 (a) 
2.718 (b) 
1.000 (c) 

.oL* ^ Jbjil a# yu> Ciji 14 Lm^- ,j^x. V (d) 

a_— — aj lilij j»lc a _— >? y U .0.950 SjJwa i-tjlj a_— sr jl y jJlS .8 

V apL~J 1 A^jLaP sL4l L^>-L5 V-L? ApL**Jl t^jjUjg- ol^lj ■* — - UL* 1 g - - gj ^Lc 

0.950 (a) 
-0.950 (b) 
0.050 (c) 
-0.050 (d) 




3 jj-Aj ^ t^^vwJuD L^LL*) 3 pL v 24 { Jfi ^ — ' *9 

V’i" Cr* ‘-^'j 
1/60 (a) 

15 (b) 
1/3,600 (c) 
0.25 (d) 

**■ jj 1/3,600 <^l) d_jls <j“j* '■■»$■« ;! J-PUj JaP ^ulaij -10 

?tj clxad l t jy J_pUll JaJI y L^i Lj** 4.00 X 10 -Ja^ (3 ( jP jty 3a^ ^Japl 

>>1.11 x 10 4 (a) 

^ 463 (b) 
jb*f 30.9 (c) 
,ol> »JL» y AjL~*p- V (d) 




itiis 1 

| ~ I 

JSPio V»>» 37 bl aJL*- AJswiJl 0 j5j .jUp-VI lift (CJi; JLp ^ ll Jl Ji «u ^ 

4j^?rSn ( Jjj wLv 2 dJj*Aj O^Nj jt *i^ flj (Jj 03 y>r*)l\ 01 UJLp — * 

tS >^f ® j* OUo^l fiJJaj oJL^c ^Ulbj c<j ^ Ssj ^ (jUlb j (J jSn e jLio^U QJUoJi* *1: ..p 

.o-pj &J 

OlJL >- Jj <UP )J <_£ jjl j ^aJL>- 3Jju C-jUSI .1 

•Jj^(b) 
.o*Ji (CAP (e) 

v/- p-p ; 

•grf^ 1 >J <#J>»» > (d) 

(e) 

?4^aa)I 0-La O^SP 01 ' J~* y ' "^ c^lp .- >~ ■Sj>- ^ jZa[a*2t L« ^jAs*vJjt t£j*X£ \it\ .2 

.1,000 (a) 

. 10,000 (b) 
.100,000 (c) 
•HjJ* (&) 

■ 'v-/V : 

(e) 

: ".- ■ . ■■ ■■■■ .. . :■'. . 

jLpjJJl — oUitJu^-^V Jj}. .3 

" . 1 , , “ :; 

j cUk^ jjUM 0»4 Oj^j (a) 

^ 0^j (b) 

, d3^-X^- 4jtkw4 <J5 ooLAjLjj! jL^Js?} 0^^ (C) 


OL^pU jJJ : y Lfi w*L)t 


* 

. Ul j jJJ Ui_5 JuJuC j^Lc (d) 

* 

• i£j Ij ( J~*j Liij SiJL£ JsUJl (e) 

Ji-ur ^ ^ ... t7.899 1 7. 8997 t7.89979 t7.899797 ia^I aJUUl jLipVL. j*4J .4 

^P JlJt* .Jp-'iUl i«AxJl ^JLp J j^aj>JLl aLmJLwwJI 3f .^.Xp 

. JsJbLL ^ yell (a) 

c-j (b) 

* ji V* (C) 
.JJ-U! ^\j^\ (d) 

*t s 5^' ( e ) 

ajLi^J (j ft - 1 aa > Jff ^ ("x aJM?" f jif) 3 X .5 

* 

.x 9 ja U Uy f 3 (a) 

* 

.x 3 3 (b) 

# 

.x L*j— 3 (c) 

.3 ->*UU X j-kM (d) 
.A^Li j^p S jLp Ul ^ (e) 

aJUI oIjLaII <^l .6 

. AajjSI' AP*)L*?I Jl^k^/ Uij ^ lj j (^) 

* t *■ * * 

,L»jIa I *&jy P ^f\-U jl jlia3l i fl ^b^ 

.JL>-lj ^ (j UJb £JS JpLaJ ^jl (c) 

3 Ijljjil f ^y-j U t90 cUiuJJ aJLpIjJI Lljjjl ^jl^-I yly lil (d) 

.90° ^Uo 

.A >x**>%*0 s^LpI aOjIj^Jl O^ljl-^il (€} 

jl t J*J^I y** t^UajJL) aJIj jyJi yaJlyfliM eJwaJ Ajw? jl aJjUu* 3 C 1 O-jIj lil .7 

.2.71828 U yT ^ <^jJI ^y^SlI yU , l (a) 

.U^Ja3 OL^aJ a yUJl A*~J (b) 


.-1 iA*U ^yil jJbLl (C) 
.jJ-l tUaii' ^ ^ ^ (d) 
.^Ull ^idl 3 90° aj jl j# (e) 



yufi 


1 ** - ■*■ 3- . i^ »p+* *A (3j^i i^t tp*+ * A j-L ) 6 ^jlis Jli Ll_ A ol t^y^J " a * ^ .8 

^jaJ ^Jl y 4jjljJl ^^-a. j jLjfljl llljj L^flj 4ja>JJl J . jiSfl <Jj* a yUajl I4J ^JaJ ^Jl jc 4j jljll 

V 4j>* r ^>«_v£? 4-illJl tljl jLjtil (jji C«^- 

.x<j (a) 
.x=7 (b) 
.x>j (c) 

. J*^r\ J jW _ji j _y^ X OH -Uj^j (d) 

.a yllaJl AS ^Js y j X S ■o J>j (C) 

(j d t- < <•» t^lA 1.4 X 10 ( J? jL**J ^ ^ . *)?2 s\ ^.iJjl { J^ J" * ^ ^ *9 

* 0 0 
^1 Ij Jaa c tlJ L* Q>X& ^jlp ^b*»Ipl ^IjA ill XaJ| jJ* l* .0.50 4j*\j>r j3 £ L<w-~J 1 

Cj )^ 3 j 

.j>^S 1.6x10® (a) 
.j*U 6.2 x 10 8 (b) 

1.6 x 10 7 (c) 

6.2 x 10 7 (d) 
.^jiS 6.2 * 10 6 (e) 

i_j> ./i;l jli.'ifl; V a OJ) j* 1 00 « x j^ 3 * >* i — * • i o 

(V= 4n rV3 ^ cjb.SH, 7? U>i 

•ji* 2.88 (a) 

.j* 4.19 x 10 6 (b) 

* 

.' >> 5.76 (c) 

.j* 8.28 x 10 6 (d) 
.^JoaJI JUA>fcll ^LjtS^ C^Ujllt* JL?r jj V (e) 

?2.000 x 10 5 j 2.0000000 x 10 5 j?. ca-,^ 1 *1,^1 >i ijytft y, U .11 

,4>La (.lij! SjcjI i£ ci^l> ^lijl biL t li oIjLaII (a) 

• v-V £o' (b) 
.10,000 ^ (c) 

4-j ^aj (d) 

■uy j4*J' uy ^S"4 j Jy (e) 



ji! 4 jo?\ ja : Jup oLii 


fgliJl \1a j* U (1 - 0) jLa*l - JSLiJl Ji ap .12 
. lj 0 lj 0 oiApS/i (a) 

.1 ji ju>p\ 0 j-* j^S/i 4 JLjsJ-I jlAp^li (b) 

.1 ^ja yup\ 0 c£jL*J ji jUpSI' J 4 ^ (c) 

. lj 0 1 j 0 AJLiJ-i jiapSfl J^lT (d) 

.aJWT uu^i iUpty (e) 

^lili jAH^a jA L* .^1 — 0) jW*^ ~ J^-*3i Ji lSj^^ o j* *^P” .13 
. 1 j 0 t ^u ^g 1 j 0 (jv vLJLU jUpSli J 4 ^" (a) 

.1 jl jiv^i J 0 z^ 4 i J- 4 ^" (b) 

.1 ^ j*^i 0 ji j^"S/i vLiJ-i jijp-S/i J^ii" (c) 

. lj 0 Ojwb lj 0 Cv ilApSfi J^I5" (d) 

.aLIS" iijip^i (e) 

OjlS <J^>- ^S-jlsA li Ail^«Jkl ijli JUIj j . ^ .*A2.>.~.a J? JLp AIjIj jwj 0 jL* ji j 7AH.1 .14 

Ji oJ.X^ 

J* 

. ^aid i AjJj-^ 4 AP (a) 

.^vaAlll ^jJi *-Ay~*A AP J~S\ (b) 

y 



. JL-*» l-iLSI ji-A^-i l>° 13 j 12 Jli* :(1~0) jl/i%i — JS-u*Ii 



jLp oUl 


<» 

.<P Jl Jb- L. (C) 
. ( ^aidl AP^Jl (d) 

.^^aaAI <P <i>)' (e) 

c aj Jai 4jL^*j aj jl j ^Ip bl^lpl J^LiJl <ui ^ ^iJl ^Uaj ^ — tJu .15 

^Uajj 5 j yljJl jbl ^p oLiLiJ ajUL* ^^-io 
* (3 C^^Ia-AI (3) 

.Aj^jjlp^Ul c^Lj I Jj>-^ I (b) 

. oLj!aA>-^I (c) 

. aj yljJl (d) 

.U^i oLWy (e) 

yl£ !6 SjUJt .16 
.6 ^l»ll jIp^ISi (a) 

.6 ^JjtU ^juAaii ^jjjlp^Ul (b) 

.1/6 (c) 

.21 (d) 
.720 (e) 

^Ip ^ <l»Ip AbL*>> dAA yjc^ .17 

(x -q)(x- r) (x-s){x-t) = 0 

aJ^Ia^* L^l ^Ip aJ^IxII a Aa i & 


. a^ j (a) 
\~*&z (b) 

(C) 

.v»l> (d) 
.4*ia^ (e) 

ijylA iS" J jl^-l L. . 4^- y*£; ^JuJ — J 4 — li J *4 '.i . 18 

?jdjUll 
.J^ls- Oarjj V (a) 
-k-'j ( b ) 

.&k- (C) 



OL^b J 1 a jor\ ja : yLfi 


(d) 

.J^U amjj \ (e) 

ja a*J JjU j^u, tbJ jU-l 1.5 apUJjI ^ ^laJl ^ Ijl-U- wXjjJ Of Jpj — iaJ .19 

jUr^ aJLH A***iji“l J A L>' c£ y~~A j& JLa 3.2 £Aj y 4 — jaib 

^^P Jjlj ji? Oj^j 01 0j3 IJL^S^ j ^jc« 

0 luf 4.7 (a) 

. >-( 4.8 (b) 
,jb«f 3.6 (c) 

1.7 (d) 

. Jl j— Jl IJLa /^p ajU-^U aJIS" jjP Ua Sljftnil jjUil (e) 

J ,1 Uij ^jot J* ciij lJL* ^1 A«*uJ\j 4 ) 3 ill! .iJL>o t 4 jl jja-^l oLj 1 JL>*^A 3 ^l]sL) (j .20 

.^Uj t^kiJl cJwajj cAjjl^ll (a) 
.jUajl L- 3 Uaji A^Aj (b) 
.Wjj (c) 

4 c/V^J (d) 

.ajjU-^JI ^yJlj J jW bljj (e) 

?(x + 2 ) (x - 5 ) abUJU ^UJl ^>1 J^JI ^u .21 

. 2 x- 3 = 0 (a) 

.x 2 -10 = 0 (b) 

.x 2 - 3 x- 10 = 0 (c) 

.x 2 + 7 x + 10 = 0 (d) 

y ibbc* L^Sf bi> ^ (C) 

* 

i £ yljJi j*!i\ ^la all a?-L ++a dJlS^ 131 j\z ^ 0 j& ^jaic. j\ j!ja~*\ J^Lii aJ L **j£a of j ? .22 

y2lil |%-5%«-^“l jA L» col 10 A*-jjj J j>0j £J jA ol 10 (Ail jJa-wSfl Ajli) 

.g jA ol ju .z:.m 10 (a) 


cj\ j us^m 62.8 (c) 
.<^j*£a ol 100 ( d ) 
<cr -«SCLl ^-*0- oL*^i*ll ^jA juj^JJ (e) 



jLfi oUl 


?sin q ^ 'it* .z 0 = 3 h + sin q tatjJ *_jL £ j ibUit si* cjJ j dJLif Je J»\ .23 

.q i^£j\ ^ (a) 

.q 1*^3' v_~Jr SUJ' ^USt (b) 

.q A-^JI v_^>r (c) 

.q i~Sll (d) 

.a^U! Jjj tf o jU Vj (e) 
iut^i i_$ ZJL Ja — 5.44E + 04 SjL*il -24 

-5.4404 (a) 
544,004 (b) 
-5.44 x 10" (c) 
-54,400 (d) 

'ij , <*SS *L-j J j^ioj j -XiP .25 

.x j £• oL3«J.I ^J»LSj Jala (a) 

._y £» CjLisxiii ^Jalij Jalij (b) 

.' f ,r amt .*-* cjL>*1I ^Jalij Jalij (C) 

.(0 ,0) 'X-i' oLi»*iil ^Jalij Jalij (d) 

• “iJj oU^xll ^-X«J V i L y>la L M (e) 
OL-l-t l*tlt i*- ? 1.03 x 10 6 j 5.8995 x 10' 8 v ji> J-^>U ^ U .26 

6.0764845 x 10 2 (a) 
6.076485 x 10' 2 (b) 
6.07648 x lO' 2 (c) 
6.076 x 10‘ 2 (d) 
6.08 x 10" 2 (e) 

lAjitji Xijna <j sJtJi SjL*Ji ojI j viiii ^ja _pjcJ .27 
sech 1 x = In [x -1 + (x 2 - 1) 1/2 ] 

11* Si In s^* 'it* 

1 jjjtit '-r'jjJ i* L* J-U- (a) 

r UJ' (b) 

^sW' (** jll jUl (c) 



ksr-l y : jLp ujUt 


4j jljjl £jll) (d) 

j*^ 1 (e) 

'• l^i (^ ^7 .t.. U (J$ Cj))^ tb_J 3 Oyl*—* Zj>rJ j IAmJ .28 

a = (3, 5) 
b = (-3, -5) 

(£ jr ■ * ^ ^ L$ ^ J *^ 7 b* 

.a + b = -34 (a) 

.a + b = (0, 0) (b) 

.a + b = (6, 10) (c) 
a + b = (-9,-25) (d) 

. t — ^ jXT jjP o4^ oS/ tiyry j>P *■)} (C) 

?.U>- j ^rJcJi (_£ y **~ r -bJL>oJ J?Ia31 yr lip y^~ .29 

.«jt>-l j iiaii (a) 
.Oldaij (b) 

,i»l su ilj^j (C) 
,J»Ui ^ jf (d) 
.isU (e) 

Jic ISU .(2-0) jL^I - Jl AP .30 
.iijljll ._•**- gb (a) 
,?ijljJl ftf gb (b) 

.Ocj j static* (c) 

.<lJ 5j^U^ (d) 
•<y4o^ (Vb (e) 

y Jliil Ua $ oUWyi (UiJ .(2-0) jly-t - jSLiJl Jl 4JC Ap .31 

(a) 

(b) 

'-*** ( C ) 

- (d) 

( e ) 



jL# u-»U)\ 


y 



.31 j 30 a VUmSU cJULq :(2-0) jliiil " 

o b os*jl>j t3 A?*_Lt .jjijplfc-i Ll>jJ 01 ijPj — *32 

:aJU 1 a x b c-J Ua i L i j+j aJU .4 c^jL-J ^yJi < 3 ®Sn 

.12 ai**J (a) 

.12 aJj j}&-> A^«-2j (b) 

.5 aLjJsj <^> yOl oUrljj ^ip*>0 A3 j*2> (C) 

. 5 aL ^ jaj (d) 

. Jl j^-Ji IJla /^p ajIa-!> 1! ol* ji*il ,j^ -bji (C) 

.oU r lijt -^jl (2 2/3 c5*) 2 / 3 iyb 2 ^1 U-_i i^__U-l 5 5^1 (lJbw_^ .33 

.1.587 (a) 
.2.828 (b) 
.4.000 (c) 
.8.000 (d) 

,<L **j i^\j LaJjJ^ ij^"- 2 2 ^ 3 (e) 



OLjj&bjU Am*?\ ja : Jlp oUt 


4n» 

34,000 j 34 OUi )\ .34 

.10 oji-ii* J-U, (a) 

•s-Jl y (b) 

•v^y* ( c ) 

. t-jl y» £-~J (d) 

. JJJ ^ (e) 

pjUJi 3 ^Uj .35 

.oWjJilb (a) 
.ObiljJb ^b) 

. Aja>- olJb>-y (C) 

. jLp^J ^d) 

.c->LpLJb (e) 

jA L» .0 < x < 2 <ulk-> j-*ai£j y = 2 jc ajIiII jLlp^/Ij i^-tj .36 

0 < y < 1/2 (a) 

0 < y < 1 (b) 
0<y<2 (c) 

0 < y < 4 (d) 

.JlywJl lJut t j£' ajUs-^J aJIS^ j^p dUaxil o»L« ji*ll (e) 

JSJJl J* 12 aJUU ^-UU jJJrl ibr jSU .37 

12 1/5 (a) 
.12/5 (b) 

,12 5 (c) 

•5 12 (d) 
•5 ,/12 (e) 

OlklJb^l J L JLP ita'bill dJut jJLX~- Oijf .X 2 + y 2 — 10 dJ^biil C...jflpl Jj — 5! .38 

. (a) 

^JaiS" (b) 

.3j-U ^aib ^kiS" (c) 



jLp wUJ jLsH 


. JJij ^Ja iS ^ (d) 
.'•yUT (e) 

#JU ia>- L Js> ^J\j j4&\ *XprdS ( jXa *JLp 1 0,000 fS & 1 jy^ O'l Jpj — ^aJ .39 

J-gJrl *bfrir\ jy£-\ , cJj* 115.85 0j\Ju0a ^ pi j ^ P £^bl C- rJj 4- — L*J 

* * t _ * s t 

4-— *Jl ,cJ j* 1 12.20 4^-ja3l j ^ L>>L5 <_£ ^ I 1 01 y* 'jp\ . Jaj^U 

Lj jMj i£jL-j JLgJrl j* c-Jl J>\ JJ y* iw-Uil ^u-d53l <J>! j£>i b yll 

.yUb -0.03 (a) 
.4 j 11L +0.03 (b) 
.ajLIIj +3 (c) 


.ttlb -3 (d) 

. Jij-Jl IJlA jj OJLflll oULjJl J'DLp y 4-^jJi *Jl* Jj JL£ (£) 

..JjJaJl 4 j jL-JU 4P*> L>l <S * <3 £AJ ^pbj ^ j y .40 

O^i Jdbj 

.^Ujj^b aJlPUJI J ^ V* ^ (21) 

*C^ £+r* (b) 

.bu/)l\ 4*%p\ ^\jk*\ ^ j +£ (C) 
.A*Jj^\ 4P^lv?i iw^ *P > (d) 

,oi» ^isil y» 4i yu* O J-5 Ja^l Jb-i^ (e) 

l3+* 2,2 JjP^U y^iaj 4 jL OUj»tjj cL*li jja— * £ ji uiil yj — XaJ .41 

ijy*£ j* ry jS> 4<ui (_Jl5j (_£.Ul 0 1^1.1 jdf oJlpIj JL<u j ^*5** . 3®^^ 

jiS 0.5 (a) 

.^LT 1.0 (b) 

'T*^ 1-5 (C) 

-^^2.2 (d) 

. JjtJl -b JL>x0 Ol* y» ll+ (C) 

^ jU, 1.32 x 10' 7 joaJL 3.88 x 10 7 ^ ^ J^l>- o\ .42 

.5.12 (a) 
.5.12 x 10 14 (b) 
.5.12 x IQ- 14 (c) 
.5.12 x 10 49 <d) 



ji! aa*A ja : Jup 


.5.12 x 10^ 9 (e) 

AjjljJl ^LC lM A* tiJLJjJ UlA ytS. • AjJ^t ^1-C c— — >r A*«jaj j-ft aJL^JI ^LC * .. jj^ .43 
?obL*> (^1 300 a>j!jJI fb? J jij j' bU3 c0.5 c£ 60 

-‘- > j^ ^- , '-*A jdi j* ^ ( a ) 

.0.5 </ jL_, 300° V j'A fU s^r (b) 

.—0.5 300 <j _ jl jJl ^Lc i_-*- (c) 

.-0.5 jf 0.5 iS jL-o ji j5U. 300° V j>A fU (d) 

,yL*aJl <^jL— i 300 4J_}ljJl t-— (C) 

A*j jl^sj-iJl l ^5 ~jl ^*Jl J (^jl ^jJ.1 (J} y\j]\ ,. -. fl . " ' .. '' > I j| .44 

•*•** > (a) 

.0 (b) 

.1 gJjLw (c) 

. ljJ.1 i ‘jfi’ JLkj ^S- 1^1 4. T pi ij^dA (d) 

(e) 

?AJ^U aJU! oljUll .45 
. ap^>LJ? 1 Jl laij JLp- j j£Jto dJLiil Aj Aj£ (a) 

. aJ jljJl ^JUi? J La*j a^ j J^Jio AjAj£ (b) 

aJl^IjJI dUljj ^-LU Uij a^>~ j JSJiu AaJaII AjAj£ /^Lc (c) 
.AjfcUi^. aj jU* olshll (d) 

, j^Lwkw* o| 

^ Ax 2 + 17 * = 7 *bUll .46 
.jJ^ic. *bUi (a) 

.aJa>- aJ^LrI (b) 

. <L **> y aJ^UI (c) 

•^' e u ( d ) 

.«!>U-i Jj_j U o jLp i^t (e) 

^L-2 jJii. 1 ^-aA j P-U- ^ _^j£ jl .47 


> (a) 


•coy ^ (b) 



yup cJlJl jLaM 


^ (C) 

•rfry ^ (d) 

.(JXa* ^Jlp (e) 

^*uj jJl p taL^ipl ajjL^-wJI <J^iaJl 4 j jtjJ ajjIjJI td*dA)l ^ .—Ip 3 *48 

«* 

^ ^>«jJl ^1 i%*Li*j 

. JlyJri Jjlall Ajjlj (a) 
.^Ji ^jlj (b) 
.^JUl! (C) 

, 4^*1 jaII 4iL.»J>l (d) 

. J jlaJl Jaj^ o yb (e) 

oT ^ll ^]aa1 .51 jA jl ^iS-L* j jiaJ c£ <S -ill c£ jLipMLj *i>- .49 

4,1a <*l oXU^ L^^*^** ^ I j-A ^jLsAaII JbjAJU^ll *j\ 

.aJL^l (a) 

. ija>- 4bl*> (b) 

.<z*u> y ibl*-* (C) 

ibl** (d) 

. i^?L>- ibl*-* •*** v (e) 

J5" ^jp iS y^*) 4 V >• 25 j'Aic. jj-* ^jjoap cJapl dij' Jp .50 

4 i*U j*U jf i>U J? JJLjo ^ jP Oj>Pj jOJldl JJ-L* bl ftf jf 4*J jl U^* 

i-uil J^ 5 ( a ) 

. JaIS" JSLio ^o-uil MS" ibS" (b) 

. y 0*Apb»v* ^Jp (C) 

.ij jA 25 j'-lSx. j£'Sl\ .3-^ j£*\ ^y+£\ (d) 

i j t S'\jm j>-l £ ^ (e) 














■ £EV 

II' 



Jj ^ 4 ^1 L*Jl tojLi»!>U JjL* jS”" c 

y i?Li5 j' oLJlS" '‘{J^ $ *s- yS: <J (3 5 ^a*Jl jy^ Jjt>- 

o j «*»J ^1 »«i^Lp ^*-^1 ^ * y* j *~**^* J^L5j ^ .. )a? 

< . < . * ¥^§ < 

<S’z yj jLp^JJI y (7t) pi jl t(2 ) jy 2 ^ V .Lji*# ^ a .,..P 

■ bUpt >*? V gjJtj ip|||Vl 

<Uij j I l-iJil yfr l^JL^ IJLxj JjcJ yJC^^A JLp J^Ia) Li! JLp ^LJl pjaji* 

ibSvJij ^Jii ai . ajIj e J> v-* j o ^iij ^LiJ ai . y 7i j! 2 5 — >-!j^fl a 5 

y& ^ 1 « «, r3 * ^ ^1 .^L ^SsJl oa.fcx ^T ' c4jI^P’ ^i5Tl ^^*1 ^^* * 0 


,%JULsJb 


l - 


cjt4ajll 

f(Jadl ij^\jyJ)i\ ^.)anj» J-^aii J UJ! <j ^a>*iwJj aJL^-aJI olaj>- ^JJ 4P ^Jai jl jLx&f a*rj£ 
fUa ^a^ii^J 1 .JjjJl^lAJl j! <jylf flkJb UaJ ^a^ ^aJlj (wfa) yb^fyjl^y 
^paj csaJi ^(fps') ^ fib ^<x>*s*~j L»Jj cjil J^-aj o^Lp ^.i ... .? i/*y*/^ 

<yL^i jl o!a»>- ^ oa^- ^Uaj J^J . 4-*L*J! yj ^jLi» <u^Jj $.L»Jjdl J*i c *11*:. i/> 

.[y (J j}\ jzjJ 

ISSSliHSIS:- 

(SI) yljjj fliil 

J '- . >"^V- 

onks la^ a^j .^jjJl ^IhJl ^ \ yi\ AiUL c^ailj cSI J,i (J^aJl ^UauJl yx&ii 

^UJl jijii JJ ^iaJl ^L» ^ ^L^.L Uja^- uJ^p c j-^p ^-Ul 0 ^a]I ju^ aI^JSo 


4/JLlMl sbjJi] wjUI 


c^L^ii jUfj djj-y tj*jkj <u&y si j ou^jt r _x- 

t ^£6 SI tj o1JL>- jJl c 3 yu .(ALjOI j olij Jrl jji iJlP iJ^Jj) aJ ill *L~+S' j ct j^JsJf ^ >j 

cJ> ytw'J . J jlll Jp (3(f~L/tS3y £ L(^yjilSOf 4*r j2 jf} i yjits0fj cAJltSlj £{*ij GjldJlj 

. u-s. 1 I-.* \<r 


CGS jitt 

c(Uli 0.01) ji + ~uJ f ^ (cgs) ytf-fl j*~r *** — •* ^ j *- — -*L*fyl oU*- j — Jl 01 

OyilSsJL JUJtfl Lj j£] (£ jL*J) Os - jij (.AJkJlj t(l — *Lc ^ \j — Pji-S" 0.001 ) ^*/ r . _*//j 

^ cgs ^ Jjlj 01 -Jj^y t %JJl£Jy t j&*yy 4(273 — * U-jj — 

.SI o* V—ii 


(« 

c(Lj jiJ 30.5) ^ 4(fpS) Jjj— fUaj ij A^L* >1 o1Jj>- jJl 01 

j3j LAjhlij £{Jp > j$\ ^du* Jp Arf^Wl Jib- j fi d'd^ 2.2 Jl^>- J^) 

.SI J ^ fpS j J Jlj c^AjDl£3lj 4jw»Vlj 44Jli)1 01 'dj^y t %>JJlS3y l j&*yy tOjli j#* 

SI J 

oljb- Jl J\j ijZ+Lj 01 4^-Uil |*Jaj J$ L**L*Vl o 1J^“ jJl 01 

.AjuJall J$ ^1 yfcljall jl AJlJLo'bll ^ji ajLajL A*^L*Sl1 olJb- Jl 

jIaB 

4jtb>ill oU"*>Ua^^1 2^") ^"Ij^l J JasM -^uJl J J>J1 jl Ail ^J J a^L-S/ 1 jJl jSl'1 

(3 ^*^1 c)^ .m ^^1^1 jd" 1 iS ^ y*j^y 4(a«^a> f.^*iJl ^ — j ^ — *j 
AJLtf>Vl 0 ^LaJl O ^Js> . LJ y j j Jv^4 u^'^’ (jy AiLJli ^1 p AtljJl 

d*' ^L-. t Jl L r -ix«Jl J^JU (m 10 ) 1 - ^ '^ r *t * m ® J!ii ^ ® j— *L ( Vp— «• 

L^I JL ^j^jSfl ^3^" L$ -l£ y^Vl 4^^*^ oL Oa^l lj cjLJrl ^ .(( 1 - 6 ) — ^1) 

^Lp LI»»i p 1 ^1 c(4.0 ^ 10 ) _p^ 0 JL 40 ^31^^ - ^ *^~ a Lj . d^j ^.L mL 

.LJsjSfl ® ^^^1 J S ylJLli i3 jLx>-1 

lyj ij d*^ td d d j-0 a* j>- l^wjgaT jH AjLJlI yt > j Aii j£\ ^Ij'bll e-L jl\ cJ>yu 

>1 ^ jU j .4JU 3.33564065 x 10~ 9 ^1 4 aJ^» or* ^ 0j*b ^ 3.33564095 ^JL-i. 

* 

JaiJ ^-LC L*JUP JJjI J aL»\^ 0 y&>- J J? L JJ 




• tljpjuiVl Jaskj 4-il nll l qii Jxa 10 -(l - 6) 




.kg jj^ *J j^jij iSI <J ^ ^ ^ 

^aJl JjLJi till ^ (^J 1 jl) <*--*£• ^ 0.001 «JbS" Ait ^ip 4 j1jJ 1 j fl^p c-aj^ — <J c£j — *■ 

.((2-6) J^sJi) 


fly^L&l .'JLS JS 1 LyJ r L^I »JU *ULJl j£*J J&J cljbf Uyu ^mydl IJL. Jlj 4 v 

i3lj_j“>U ^ 0 _^*allj iaJ-lj -X)ji\— ^ jtjy* ^ 3; — If- ih — S* 





.^^ijJI (JjLuil *L^1 (ja Jxa 0.001 4ji ^jlc. ajI^jII j,ljc. jLSIl t — ijc- :(2~ 6) 




4 JtxS** bsCjl \ .g— ^ A ) k.g 1 ^JbSsJl ^4-J . OjyJl C.. ....1 Ail50l 01 L/SjIj 0 01 ^_-^ r 

(J o jjJl .ol ^1 0^ s^U^aII cj jl ^>^1 -?' j^-^' kg 1 di-fc y^Ul Wai 

. Jbjb 2.2 J,ly- y jNl { JS' kg 1 aIiS" Oy- .£^jkcJl jl AyUrl AjL^JI ^Js> ayjil 0 yjl y 

* k 'JjJl $*bjb 0 cyn j^Jl ija g.\.,laflll <j bfr .».A) aJL^sJI Oy* LoJLj 


Obp- S/1 yxj Jj) s Jjlit y y*kl cj yb bl y»jjj eSI 3 yjB y aJ^' 

y 1/60 l*j_y jk*j yij caJLjoJI y 1/60 bit yp <j AJbJl yj y f .(sec jUa — ;jp^b 
y 1/86,400 c£jb~J 4jlill 0U JbJbj ^jJi ji* ^ja 1/24 b*jjJj <s jk*j yij capL~J1 

dij» bj^j S 1 <— * y c/^j .((3~6) J^-iJl) Ijb^ Uj y yJl U-fc Jljj \ j 4-k** y» (*j — i 

.ai-ir Sy 10 9 x 9.192631770 f> >y Sy l*i y~J ^Jl yjJl ^ Ut ^\ 

10 8 x 2.99792458 Aik«^ Jlxi)^AJ ^ y-p ^L*c^ ASy i ^> ^JJl ^yjil b£l ^JLp kk>l AJkll jLip! ^j^c 

AiL—^* Jj«_*j ^jjJl 0b c^*j^ Ji O be.j . 4iLkl £^bjl a^^ c^j^. Ikfcj .f-L/uJl 3 y* 
yab>»-0^1 O^r C-'botkl I cl— lil ^5^ <Ly j^a~~yjL) ^y ^|-Jjsj — S"*! 
jj^liJi y' Jen*.* j 4 a— - ci ^ Ua aJI Af — a kk i ^ 

jja-- j jjee I y\£ y 4j y jSl^ ^ y jk aLu«N' j' oU-lxJl 

U¥. aX>-jJ ^LaD ( y ^ 1 C- ^IjLii C— * ^ g.1 fli l (j — ^ .j_— *- a]1 

A*JJ jl yk» AjM jjSsjjJl <j i-Lsi yj (j^ 5 

Ojjf yy I 4<- yaJl AP ^ jJj J SLio ykil y -k-J — S^Jlj 

. AiJjk> 

6^1 

^ly* L^l ‘(Jj^* ^ J^) K ^ 4 SI <J d A^k^S/1 dJj>-^Jl ^ A fliSOl 

6jl ^-1 A>-j^ y3 ^l^bj djl ykJ ^J-*l^ji C^jllali j&+&\>\ A*->cJ1j Aj>rji jiwLfti 

3 yj lii ^Js* ly'j ^yii^sJ^ y . jlkil y ski A>r jJ> K 0 djl jj*- A>r j3 JjLaj .AJl^uC j — 

A la tf ll A*^j^\jJ^y djl { y* t,y>- 0.003661 (okajaj ^1 d^bj) djl j^-\ A^-jU 

K+ 273.15 a>* jjJl (j (j^^i jfy c sy- 4 <J y^ii f.kl akyt .(yJl) y^il ^lil 

.K+ 373.15 a* j Jill J (yi5k jl) 

tf.LJL) A*a>cJ\j .J-«j9p«jJi AkAj la. .,1a lb bil 4C-U.1 AJb>- 3 ^aJ^j Akfij (Jy - ( _y 7 J $ 

tOjl^ill aJL>- (3 tjlp 1 ^jjIp f-lll l ^ ^ .,t 01 ^_^1 kw.i^al Ij Sjl^-J4 A_^rj^ 

.JUacJI Aki Ul yp U j^kill aJUp tkl-uV j OJb^k. 



C-jI jiJtj O'Jl?- j]\ J./mJl 


1/60 l jj^ 



1/24 J JJ^ 


1/60 

SjjJ 


(1/60) (1/60) (1/24) <> p> l«J Je. ij*j ^ JL!u :(3-6) J1AI 

.^uwuill (j* 1/86,400 



jl) A JjLU jj-SsJl c£j-lSo^l j ^ ^ Wj tg Jl jLdJ 5-b- ^Jl y ji^' S/I 

_ r $5' JiLi ^ iiU <lai ^ Lj yij iJlilL 10 18 x 6.241506 ‘(^rnp j Uai^ -Nlj 

.A 1 IajL ^ 

y tj>r y ty>r y j (mA) jyy>J . jL^I -b j' C->i«b>- j ot P Ui — k y 

Cr 4 (jiA) jySsjLil .oU 4jaJu ^ 2jli)\j 10 15 x 6.241506 <ji-b j' j*- — *S fi 

jjLfi ,Aii\j A^aj y 4JU)\j ] 10 12 x 6.241506 <ji*b jl 10 6 jl ^ 

it 

j! L4 jl J-^>o jLil! aJu>- J y&\ yj ■ J **' 10 9 (nA) 

.oli 4jai ^ oUJL !° 9 x 6.241506 jia; 

^ y AiiU jijJ y A 1 :a**j a^- J,J ^ — c - j3l j — *ii! 

3iL— « y jl-lfcoj t J-*LS^ c^bi N jJ JvIx^j 

I olil^Liw* >Xpt ji .^Ja^* j ** Cff^ 10 ^ x 2 £-Lj oUiUl Ov. (J ^ 1 * 1 ^Lj 

oUjIS^ ( Jj£ dJL^» yt^l aISCj^U $ j^/l y>- yy ^clja — 4 ^1 t 

l) ilp iLtUi 2JLJ^ ^1 Util (J ^4 Ol cj^‘- ^ ^ ^5 — 

.Aj jl ^ 4 j| J>*l 0 jjl 



AjJJh It thrift : J jty ulll 


. cd Js* C & ^ y* jt 3 L *-y oJLiJU aJj>- jJl yb-UlS\Jl 

(Uililb o jji) y j* 10 14 x 5.4 ay* *»-iil AiUaJl ^ o>ly)l ^y* ty* 1/683 (S jb— — J ^ — ftj 

ob^lla.^lb 4iJL* 4 JL*jM ©JlA y l Jarib jLol jiw-Jl lJ> obil JUm JL>-1j If. 2.1 .,/■> Aj jlj > 

<*£■*' £ ybaJl ^ bj jij cd 1 jr* y^V j]j Ja— ol OJj jAj Upry 4yS\Jj !<*a — j yiil 

.4;ptp 

U^l*A>-yJl ^1 -LpUL-j i ^lp -C »Jj»j V ^ 4pbjl «^r! ^)al> *o j ^Lo-P yP^/ 1 *ll! 

y** Q ju l l l £^bcJ-^|l <_jlj ytxil iJLi liij cd 1 .UxPr- jil <bt * JtJl ^_ju yu y> 4J.5 JS\ j Aj Ll 

«U-£ 4ptj. 5 j .5 p— Jrl j^Pwb p— ^*r y* £*y* 10 6 X 1.667 4JL>-L*^ ^Jo-w- 

.^ilil yy*>Ul 

d>-» 

Sjjlil jjP Ojot */a)\ 4jyifxj^|l u-$jj^-b Jji-J _jt *1 yjj 4©.>lil 4^bJl]l ©Up-jJl yA (Jy , U 

■>up y^j .JO 23 x 6.022169 L» yfc j-ap y*y jjjUjif x\*i Ua_ -*! — Jy .mol 

(5 (S y£ 0 y* j&l Lp y~i jjlaJl 4l2-Oy y* kg 0.012 j ^y*-yil ol jJ — 11 

. c->b j yj ai*mj ob yJyy ^1 p <*Jl yj 

^jl 4 -j j*ll iljp^/l ®-A-a -ip- 1 4 jI .(.b^A^Jl (3 u^pLp-y 4f.by^ll > Ip <3 (_j^***^ (J^.i b j ■ ^ i 

yjJuJb b jAa bjp JuS^tilb Ijjb^l *Aj ^UjbJl jl^j 'b/lj .Ly«fll>- \j\£a li» cJaib>“ -d 4^*JaJl jXJ 

j fcjja) 12 Uj jt 1.000 Ji- 


J>»y ^Jc- 4laaiL» 

4JjL» j\P y j ^ nJO oljb/a:>-^l J Jy* jJl o J la jl jj (jy»jb^J Sjaiiil ©J-ft ^ L — S^ 

ybdl ^ <j 4^?b>- y^^lib ^UaJI j»-U- iiiSj 0} ^y* jl ®jbw» jl ~*jy — ^ 

jl oj! jill jy. j 4 JLjbyjjJl ySl oljUai>-l jl Jj-*j Cry. iS^ji ^ 2ljlil ^ j ybl ^Ij^ti — ^b 
jf b,b fc UJb JiL*. cj^u JSLy cj >1 4 jLT -Up .oVibdl j ^Jl o^UL-*il jt y>eu_ll 
-U?r yA S . Ujby3 0*X>-y d^lp C^Jj b« (— i j^“l 4jllS^ ^Ap -UP .^b*l *-* ^1 * 

* ! * y 

.-Ip-lj'yi jl ^iaibl -l*Jl o^Lp ^Jj?xi--llj 45 (J-jbL* 4JliJl 

V ij^Jj .J>j _)' 5^>-_j l^j ^jiij a y (J iJUil 4dA j* I j j ja'i ,j — i 

J—Jl *JL» J L5" JTUll ^ jsi&t v—o Ot b... .„ i _,X_J cjI_Jl Ijl_J. J—SU 

!u*Li>l 



CjI jiJt j OtJb- jJl J-aiJl 


«* 

j A.»„— jlII ^ <-*> j^iaJl C^lJL^-P a}^.*1 yi AfrjZL* {J} Jjau AAjb^Jl CblU>-^)l Jau jj ©ilp — !X-C 

olJL>-jJl il'i/Jb 4 47.it I CsfJ^-jJf oJl A l j& Ob>-Vl <_yaju (J jjunsll <Sj£ *c£ j>-S/J ^jA J jJjJI 

P^jS jA ^p jJS* jl Ajb **>b>) A-> jJua culjLni! o wL» 0 j & J ^jA p-P J\ ^jIp ca^L-S/1 

lil jJLJ n/ *0 ^ (j jl aJUL* J jl *.b j-iJL! c-^bS^ j oj1jl>- ^J l ©jj& ^jA \jfcjA ojIj lij '(“1 « 

.A^L-ty C*>lJL>- j5l AJ^fJb C. *^ /^il Ai^-ii.1 oJL>- jj jJajJ cJli .cJl£ N oli 

a ] {£ j\$ ©^JL©M 4j^ljil AjI « 4j yZ *~ J .i jJt (J *L£f Agjmrfb^fl (rad) Ob^ljjl 

0 yljJl jS " jA ^jA ©JLCj Ux>- i>-lj 01 .© jSljJl {£ j£ ^r}a»<-* y+~A <J LA AA © jfljJl Jo* JWJ; 

1 a>^LJ| Ajjljil . © ^Ijbl jf ^4 ^1 ©J^rjj © j?ljJl La^ <J^i*il 1 «Aa 4 . o » j <_aL Ja-*M ^1 p aJoai 

J J& jj^vj <JU*£ ©j\JaiJj (j^ibbl <ju ©jj-^^l Ajjlj3l jA jbil jil tAjUJU^ j>-T ^Ju yu .rad 

. ^ ^ 57.2958 L c^jb-o Ob^l J\ .((4—6) J^-iJl) r aj yUil iiLbl j © jiJaiil 



AajSlLuiaII l^al y*. JjSj ^ill J © ^ J <jjl jll jA (jljjl jll :(4“6) JUifl 

%r J (J jJta tSA 'l Ajj^IaII j 

tjijiii 

i^jb-oj deg W Or 4 jUal^^b jl (°) A^y^r* ® ® yl-b AJJ^^ A — j 4^ 

ObjiaJl £jA LS^ A©^jjil ^Jjb 0^ .aL»IS^ © J\$ * 1/360 

. jb^lj 0.0174533 b » jkj Ajjljll A^-jjJl ^jb*J ,Ai«Jl ^bl b > jij LajjIipI tb*ju3i 

^LjjI jiuJi 

sr 1 A-i ^a ll Ajjljil *sr y jib U» y*jij c iM^ff <> jfjJi ^tyif A^biJl ©jl>- ^51 uLjIj^~JI 

© jjljJl 0-U ^JL^l ^ia— Jl © ylJb o j^Jl ^Ja-^ ^ j © j^ (J A^lj ^Ju U .-^r 

.jb^l j^- 12.56636 jl 471 AJbl^il © j$>Jl (j .© j^Jl Jai cJwaj ^ jA (J,j bjb-^4 © j^Jl 



AxJiO' frbj-iil : Jjty 


OAfcO' 

jA ^ji^jS\ .N ^ ^~b {, ‘L&lSCjl e jjJl ^fLjtJ 4-~*Li!l oJ~>~^\ *£> yj • // 

^ iy ^U; .(lm/s 2 ) £ j* iJli JS" Os-lj ji. Jaju:. ^jL«i' kg 1 U jUJL. ibT J — «L 2 — .j^jUl 
j 1, j o^^aJLj 4 l -K Jl jL-j o^a3I . . * ^j ^ . » I tj i^LlJI jl 

.(kg. m/s 2 ) £ ^ iJlilL. ^ J ! I tSI ^ 

J^aJt 

bJl oU».,ll:.|^* (J ZjJup aJL>*j a| . J l 3 j^bb aJ j* jtj lAitjali 4^bdtll 3JL>-jJl jA J jjbl 
yf- jxjd\ tSI ^ 4~.L»ty oljb-^l Jt liJLP lil .(n.m) J^r! »l£o - 

~ w ’ *.. * s' 

‘•y^ dJL^j P A* 5iL^il oJL>-j ^ jjT. 4j J SllxJl aJ^JU J jlr\ 

1 J = 1 kg. m 2 /s 2 

Cjljll 

J i£±f~A\ iiUaJl JA Ijb-lj ol ^11 jyl^i . W aJ UdJl 3-V ->. tSslyJl 

jf AjUUI 4>UaJl jl 221 Uil ^Lol <JjLfc« ^Li S’ OjJJi}\ t2jUi^-l J$ .(1 J/s) S 3^>-lj 2J\j 

US' UU SI $ v-U.^1 olJb-^it ift-i* ol^il ^ j*d\ } Xj .2Sj^-— (l aUaJ! 

1 W = 1kg. m 2 /s 3 

CxsljZft 

4-jb 4jJ .C <— * ^~b (.A^fb A*^SO O Lw *< ^)j 1 $A>- ^jA ij^Jj^Jf 

ja of Uiaji J j-aJ 01 . Lj jOj OjjiS^Jl 10 18 x 6.241506 y O^^j 

.(Ojjl^j^ ^iT) obj^jj^Jl jl ob y$j. jf ob ^ cl-Ui cj 51 y£\ A-Jb J^S\ A^JuJl 

aJ 4j ^] a ^Jl 0 jSsj 01 ^* c^f (J ^.liojt <j ^li Jju IS JjcUj dJlj oU»^ C b*-L — P 

t- y? Nb«J.>-l I 0 ^ _J^^b l^JLP jiAUlll AiS^b^ Ajb A L>*»0 tlj^r A>^2 &>w* 

.(1A.S) AJb — <_£jL~j 0 jJ c Aw-b^Sl^ olJL>* jJl 5 ^ *(^ ^ y 

Cljft 

d^jSJb lOajI *•<-) i3 j* jl Oy-£iJ Aw-La 1| Aw^bv'V i dJL>* jJl j A iS^Jj fill 

jy*± .(1J/C) OjJj^Jb 'iy blji 01 .V J ^b a) yyj c(emf) j — — ^/ 

^ y Aj^xLi AiL?r AjjUsj .b* JL>* ^1 6jow? ^jb 0 oJL?- j ^JLJbbl \ — «J| J$ oJ j fljl 

oii objlkJ! ^ gsi .V 1.5 (.(itjUzt Awba^jJl fif.Uis'yi (J 

.oJji 13.5 j 12 o& i±>*£\ ob\ jJl (J Atlvoil j a 5" 3 jiJI 



jSJlj 



-Up .(T2) L*y* jj-^JI < 3 Li jJl cJ* j^“Lj <] ■jAjij c 4*/6 &yUL*JJ A-j*vLi3l oJj>-jJi ^ & CJ^ 

‘J&i fjSl» til , j±*a\ 1 4*o^3 jLj 4^*jLili 4^^l 1 L^<^.< 3 4^^L5> ^ip 0—5 ji 1 41^-5 U.^~>r — j^ 1 

.(V/A) oJ^o^lj 


j Irtjuili 

mho ^y-Xj t-Ajt— ** 015” j S * i ^ ^ j 6 ‘LltLdJ >l*Jij| ojo—^I * — * j . — .'«...■ // 

j u^~Jt jLif-l l _ f 5Lf .Ojliil —j jii* yb iJiUll .^Ufl^it tijk ^ys^aJlj ol^/l y»*j <j c£ _F -'_} 

0 j^it oJJi xJUlj Gj 5j-Xi* L* 0 R c0l5” lit .(A/V) o-l yJl» j&r*t ^jl 

lit 

G = 1/R 
R = 1/G 




a!?La^j jl ZJiilL Sjjj lioL> ^pJj 015" .Hz 4 J j* J-3 (. jjjJzU Liil oJb- jJl jA ^ ydl 

*. - * > * * * * j 

Ory*^-* jl 4_3^L 0.2 Lp .2.2 yS\ ^-lio . Ijj *r j y J& 1 J 4^ fl ,. j . 4 0 ^ l*jl <j 6jJ w? Jj yM 

>/>* c(MHz) j/r>® ivj c(kHz) jkf U-’l-U^ jJl oi^ ^jPUj m y yM oljjJj y ji o^% ^ 

Ja^ 4 j! t(S ] ) j'UiiL SI 4 J^Jj jJ yi>l yp • lM' y ‘(THz) y>» /» t(GHz) 

^ * 
.t\y»}\ u aju a5" jUj Mi ^/2 -^Ip 4 -4 jxij L0?Lj j 


i jun 

cJjjiJL) 0 jJ ^ -L >-1 j .F <-} *yjj 4 4 a **jU 4^Lill 0 ll ^ 

# 

3 L*-U*W^ ^Jl 4 a— J l ^—3 ^ lax^ OjSsJ . ^Aaa 4 -I ^1 IaH oLa— W (j l-U»T 6jyS" iljl oil .(1 C/V) 

Cr* ty* J Or* t 0 3r j' ^0^ Or* 0^ jjs^* 0/* f J* - V j Or* °' o' J — " 

. Jl ^ t (pF) j//U yi> _)! t(nF) ->//4* (|J,F) -5//^ jySCllb ol-U-jJl oJu& .^IjUil 

aOLj— cJ^i *^\£j 4 ^ ^ia Jjj-I j .H y^~b ^ y*J-3 oJj>- jJl yh ^gyJ>f 

pj pJiA - 01 .^IjLaJl j>5" 4^r jJj tLp o pS o-b-j 4 — ji .(V.s.A ^ 1 jf V.s/A) — ^S/W 

0 j-L* yA ty>r jl cjjl yA ty>r UJj yy 4J j o'jljJl lA-bfw^- ^il 0 ^2Jj — 

• J'-^' J* ‘(I^H) (Js* (mH) yjb ot-Xs-_jJl o-u ^e-j3 .(^y j* {.j* 



:JjS' uUl 


1^:11 3 IJL*- OjyS' oJL >- j jo jJl . Wb aJ y*jij t Lixl ) fjfj*xzLI ^a j\j jJf 

V-k 2 -^ a-aSsj jl Ul! j J .(IA.H) c f ^iS^u joj J — >4j .a- — L ki 

> 

♦ H I A vx> oJL* (3 A 1 Aa-J OjL) jLj Akkj/ 4j*uIlLl 

joj *A>-I j ^ilS\j *>L*J ~L>-I j .T aJ y* y j i.^^UUdf (jfiJidi 4jLt$3 3jl>- jJl jA J"/ 

j* joJ .jOcJi ^k-Jl JLp Ij^U jijdl j 1 ».lp dik j (IWb.rrT 2 1 Wb\m 2 ) £ j — ill* 

£*JLkkJ jU*J 4 j>-Lw« oJL>- ^ k jk^ - aJM-Ij (k 2 *^ l3 ^■“■ k llxll Aili 5^ 

.kkl jijdl J-5X ^.i/T jP AiJj 0-l>0 jl kl jJi J . P JjLJi 

GlipUixftlt £*UjL 

aj^*> o j y+p jl L*-^ jl X^tS-y (k 1 *^ <3 Aj^Lill jJi l)j^j 

^A ^ !oJL*k^ Ak.^! ^yjti ULk« Ikj . 4«fl. A,kt flLjkl 3 ^*jjl ^Al^k^ 4 _,) jljL* 

kJL^ Jl A-*w\aC. ^ t i ~ A a cA .'si 1 1 cLjLoLj ^ULuJl ^»i>cyw*J • k l ^ a . ) I J t yi •— ) jk\ 

. ol*JL>- jJl oJk 10 3 JL 1 JI 0 y oLapLa* ^jP J2rrky dlk j tolJL>- jJl 

f .j*-) 10 24 V jj j j 3 ji to 3 k^ oklji oLaplkii oUiL tA>UJl aJL^-I 3 

J^*Jl ^ J !o 48 jJLp Jl^i I Ja ^ .( jjiiw*) 10 24 Cr* Cr* 

.y* j d^ktpkali ^1 — 6) *A*—k^ oUa <L*[>^^ j^P O^Ajk ^y%^py JliC. 

(1-6) U+tA 

?jj ykL jA t» .GHz 5 y y~»£ apL* ay j? ck^l ^ 

(1-6) > 

GHz 5 .Hz 10 9 jL; (GHz) >J> Uj j! k__^^ 4(1-6) J jJ^Jrl ^ 

.Hz Ojk jIHZ 10 9 X 5 t?jLJ 

(2-6) 4 JU* 

* f 

?iijUlU A^k! $ua ^ jlw-J kU .jiF 0.001 ai»J 

(2-6) j* 

(^y® fiF 0.001 IjJ tlO 6 I «J>-j jjl Jj^oL. ^1 il)' t(l~ 6) (j — • 

Jili JAU ji Jia .F = 10' 9 = I0' 3 x 10' 6 ao' 6 X 0.001 ^-j taljU s y>\j> 0.001 



j jjl J nA\ 


j^jlj — 4 jjU1 l) L* I tc_«> c(nF 1) j \ — i J — JLS 

* 

Ull aJ-A 4 jL^o j ^JUa<£j p-$J tdJJi jj-* ^Jbj ji ol*~Jl LJj^Jb 

.(pF) ->ljU 10,000 3iA~Jl <uJA\ J^Ssi *^i .pF 0.001 

(3-6) AJL^ 

^ s^_ill »Ju ,s j 1 — - lit* .mH 0.1 -c^J ,j^t ^ ^ ,/**i 

( 3 - 6 ) J* 

tsiAJJJ .10 3 j Jl/jitn SJjb ut iSj — ; 01 j — Sor. t(l-6) J j-a — J rt j — • 

.0.1 mH = 0.1 x IO' 3 H = HT* H = 10 2 * 10^ H = 100 |iH 

jL^iTv^l j ilac- L-A aII cJ±L :(1“6) JjJdJI 


{■JELaaB 


ullD 

lo " 24 

y 

j&Ji 

10 21 

z 

J^J 

w" 

a 

P 

10 15 

f 

a 

10 12 

p 

A# 

io ~ 9 

n 


10 6 

mm J\ p 

jjSjL. 

io ~ 3 

m 


10 2 

e 

i yl^ 

io " 1 

d 


10° 

- 


I o' 

D J da 

\£^ 

10 2 

h 


10 3 

k J K 

M 

10 6 

M 

\jL±A 

10 9 

G 

\ * v> 

10 12 

T 

b£ 

10 15 

P 

liu 

10 18 

E 

L-S] 

IO 2 ' 

Z 


10 24 

Y 

13 J* 





JrijJcsV Uj .’W^ lit U ^bJ»j jlUil ^ 

. ju£ jP jJCj ^ 131 c Ajilxil olk>' (j ^JiN' 

f bjoill Jj \aa LjL^uaLjll 

. 4§Uii^ C*>IJL>- j (_£l 0 3i ^vs» i'JplS”" ®ilp ^ *0» j 

pjj jlp^iJl ^L-l £?j cIa ^ 1 0 ylJtil Ja-j^ <L~J (^1 C7T J JjlJ( 4J?Ji£- (S~>ljifb LfcJ^P C— j! y> ll 

^ f ^ 

^jP c C— iliil .O-jlillj Lfrkjj <_£ AiilSk ©Jb - j L> yij LaJb s.L j-jij' JL>t^j .^jt*4aJl 

.4*jUJ|j ^iLb 41P L$j£ t ^kl ^.LsiajaJl ^ £• 'l 4P 

(^L aL*15" 4j>oN JjJjlrl Ikfc N j <j cl^jljill (2 — 6) Jj-bM 3 j~~ — i 

V~^ y& ^ jt Ai jjl* j^P ^ Jj* ?J jjJrl IJLft J CjI jiil dijb JT £*j '3U pJLj J* . JU- 

1 Jijfc (»Ju4 01 /jSor . I ^ dajc* ^ U::.* oJjl® t<— -> \£}\ iJUb h\ J c-jhU 131 .0^1 lJUfc j_* j_LiJ N ?0J-J 

.<^>U£3l iJlA Jbu £Pr JjjJrl 

j^jIj ktcfj t\jyJ&\ ^ Lrj LgkLjjl 4 *jLS"j JjJjirl 4^rjkl CUjI jiil ^P dli *S/' *J 0.1 * 

J*aJI 


*GS£ 

f t f t 

At-£ ?4JLJi»- L^l*L?«^r L?-'-* L 1 ^»^_J •j.JW’ j»— Jr jl iiJJ LisrLi. jXj ‘il Ot i _ *£ 

kg 10 30 X 1.989 fiJ\i/*\ iflp J^io jjj-dl f lo^l jSU iiL l _ r ^Jl a 1^ ^di 
0 2 ^ d yA? y 2 idAli 0J ^1 dJ — 

.(?iiUa5' ^-Jt JjiiS' JlpL-j ^ kiJUi) .^s jj. 
* * ** * 

^JUJl ^jjJL .ajljt ^JLp 1 yL^? 27 j 2 |*i jJIj ^Jic <^1 ?0^* Li^ jl 2 c^^-* ^ — * 

(km) 2,000 <J> \jS Uj^ ONi J/ .10 9 x 10 9 x 10 9 x 2 Jl aJl^ .10 27 x 2 
km 2000 ^(mi) 620 Jlj>- c£jl~J «JJ'] -km 1.000 ^pj 1,000 ao?^pj 

J jl? «jyw? jjJLuail \jjt> *>U 01 OJ-^ ^_.lk> <ul ^ ^lajJ .[(mi) 1240 Jj J^>“ 

i^Jl c^>L>- JjL<t oJla 0] .(mm 1) 1 ^>* 

(Jj <3“^” O' diJLP , <Lo>*wLP^ 0 j\n ll <JL^0 oO & ,,.) 'w\.^ 

Jp (JjOi' j') CpLNjj Jj-5 JjIpxIjj ^jNO y^r\ jbj eJ'j c3j-WaJ' 



CjI jihj OiJL?- jJl :^UJl J ..flail 


.AuLjjall Cul^ill qm j :(2— 6) 




S jfcllafl jt 

'"sun 

kg 10 30 x 1.989 


'"earth 

kg 10 24 x 5.974 

<> jVl Al£ 

n a Jn 

mop' 10 23 x 6.022169 

J jjlt jSl .l^t 

^moon 

kg 10 22 x 7.348 

J-Sll its 

r 

sun 

m 10 8 x 6.970 


C 

m/s 10 8 x 2.99792 

pLoall jLIajl 

F 

C/mol 10 4 x 9.64867 

CijIj 

^earth 

m 10 6 x 6.371 

jl hS 1 JaiJtijjL* 


m/s 10 4 x 2.978 

'jVt L)\ ^ J* - 

e jf e 

2.718282 

Ajxj^aJl CjI ft 

71 

3.14159 

lA^iaS i • Iiaa AxjjJ 

r 

moon 

m 10 6 x 1.738 

J rttll 

Zo 

O 376.7 

c- U S^ xoaII AajLaaII 


m/s 344 

Aja^p j C ilaJI j^Jl At 

AxuiUi ^ L^Lxil JaauJail j a jl jaJl 

g 

m/s 2 9.8067 

^Jam juaa ^_9 AxpLaJl ^ jLuU 


J/K/mol 8.31434 

jUJi cJi 

a 

10~ 3 x 7.2974 

a a >11 Ajiill t “ u\j 


m.k 0.0029 

jjlj dulj 

c 2 

m.K 0.0143883 

^ jsiai du\j 

Mo 

H/m 10~ 6 x 1.257 

c-Lkiaftll Ajjlij 

d 

W/m 2 /K 4 10~ 8 x 5.66961 

<jLa j|j] jj — kllj\j 

G 

N.m 2 /kg 2 10'" x 6.6732 

AoplaJ dulj 

£ 0 

F/m 10' 12 x 8.85 

A on 

k 

J/K 10' 23 x 1.380622 

(jLa ju! lLuIj 

Cy 

J.m 10~ 24 x 4.99258 

^jVi fcUSJfl 

u 

kg 10‘ 27 x 1.66053 

(amu) AjJ^ll eJ*.j 

Mb 

J/T 10' 24 x 9.2741 

(jjSxa&La 



1 oUl 


>jS 


ijkW Jk^iSi 

a 0 

m 10 _u x 5.2918 

jjj jiaS L iu^aj 

Mn 

J/T 10" 27 x 5.0510 

(j^ujc-U 

. W 0 

kg 10' 27 x 6.64 

bll 

«n 

kg 10' 27 x 1.67492 

djS— Jl 

m p 

kg 10~ 27 x 1.67261 

a ^ oy jj$ ^ 

K P 

m 10‘ 15 x 1.3214 

a y j j^ll J ^=» 

m c 

kg 10' 31 x 9.10956 

djl*JI (jjyStyS 

r e 

m 10~ 15 x 2.81794 

JjJiSiyi jJaS <■ 


C 10 _,# x 1.60219 


e/m G 

C/kg 10" x 1.7588 

Aj 1 jS“ J] - (jj^aiiyi M WJu Aauo 

K 

m 10~ 12 x 2.4263 

Jjj^i£DU jS J jfia 

h 

J.s 10“ 34 x 6.6262 

4£k* cJ5 

h/e 

J.s/C 10‘ 15 x 4.1357 

Maad— ^ jajl 

JL 

m- 1 10 7 x 1.0974 

^ jjjJjj duU 

y 

0.577216 

jijf ClAj 


LAj* ^ 4j IjiS" ■ " - - C' lit . L^J I j l&***h*l OkX — It ■ * 1 - 

JJL i) j>Tl _ydl ^laJi .<_£ ^-^USl illS** Jiw 3«bd! jAj c j±x>& <-**£-* jj- — L ^ jl 2 

^V* ^ Ajjli* Oji^V 5 1^53 J .Oilll o j>*5" Wai jl jl jp\ ^)l j a 

.L«j^ f y>e^i\ 


(j * a jVI 4 J 3 £ 

bj kg 10 24 x 5.974 ^jS/l l)jj . <J ^jJb 4j jLL* <h-&> 'ys c. — j Uajf ^jS/l 

. L*j yJSj ^ 6 S4 j&^ . ‘L*L& ^UjI ajujIj 3wixi1 ^ tJjj-p 

LjjJ ol al5"L^ Ll£o ^0 6 l — * 

mi 152 14* 01 <_£? ^ 245 jl _/> 10 5 x 2.45 4i^ J^L? L*£l. li jJu ^ 

ju^m 1 L$i^>- Jjl? oLa^I j>p 0^1 *<>♦-* m i 152j c 0 > ^ mi 152j J j — t 

aiJ - ~a*+a *bt jjL* ^JLl* aJI j'Ji ^ ^jl ja ^*£La jt ^ yJS ^ ^ dJ — Si .(cm 1) 

Cjwjj -ii O t^JUj L*~LP .^>da-SS JjjJLyall <j o jot*a3l oL*^ii ~ 0^' L^IU. d> 

jlll ^iaJS {J* bd** ^ 4jj>^ L* jlJUU ,^3jJUya3l j£*w* j j.. L . m,. C a 6 S-*j 



J^t 


(EM) y * a jll J aaJI jUSlLI Ap ju i 

.m/s 10 x 2.99792 3^*“ 4^ a&j** Lg-«.^a. i 3^4 jLi^l ap^. ■* * ^i 

ll\ yJ~\ j tjj^l J\ ^\y\ ja JT jJ^3 ,(mi/s) AJtdL J- — * 186,282 y— li — 

^ JL.v ^ 4 AP ^ w^Jl a*L^ L*Lp AfcO 3 tX 4a*a\ J 4 1 <jy a*^S(Jj l {J^ ty * — 

. 4_Jl ^il a]oJL> ^VjSvj LI AJjL UiL 

Lgj ' jk 1 +~j ^ll ojdl yV^A aJLAI oJLa p_gi <J Je iS^-\ yss^Azi ? la.^lL ap y~$\ a -L a ^ a I * 

I yA 122 jl~LLC, a>UJ| a-i-A jJUJ U Ulp .ojS^ j* 31 o4 j*Jl 4 _~*JL* AjIJj yA JtftfAJ f. yjai\ y* — J> 

jl y*£ 4 AiLv«Jkl ciiij Jldij'lA] ^ y 3 -^ ^U-iJl 4ijcL+~j ^ jJl t y*j^ Lj j aT (ft) — s 400 jl 

:m/s 10 8 x 2.99792 ^ 122 ^J& 

t= 122/(2.99792 x 10 8 ) 

= 4.07 x 10' 7 

.|Jj>r jyw? Jl£ jjfcj 4(pS 0.4) Aj^ j^jL* jL^t — A*o' 3^ 3JjJl L^Jlli OJ 
^\ijl Aj^j J,] ULaIjI Lj^j .otil ^Uj^/I £ Lij 4 (JjS/ 1 .A^a^iJJl a -La (J 01 

V (S's ^-3 j*- J LgQajt; £-* Aail y* o!-X>-^Jl Oj^J 01 c — . £ 43^ . llA Ljlja»r (j A*\-A 

, 3i L«jI3 2yj jilJjj <j>- A-Lo^p i^\ 3 JaJL^ 

:>IjlpI <j\ ^Ijl>c 1^I j y olJb- ^Jl aJV-L vL^J-I *1 j aJLLJI aJlJJ J jbJ LJLp 01 S" iil 

I^^U- LjU 443^9^1 

(^iiL ajL)/ y* = aJIj 
s = m/(m/s) = m x s/m 

aJuoOI 0 -L 4 ^LaJI J LlJI (0^3 . ,1a a? aJLlII ^Lii 4 A*>L*wJ0 aJujJI a -L a 3 ^*1 L j^:>-1 

u* 

olJL>-^j L* A^-J l5 Lp lil ^a^ y j ^ ^>lil AjIJU ajLvJlI j^jclL ^JLaJI ^1 JL>»_i^L oL-jLl 

t^fb) ybyjiJl La^P-Aj ^03^^- jfrP 1 

(ZJlzlL ^*)/^jl 5 = jL 
fb - ft/(m/s) = ft x s/m 

3,1 4JiilS3 jL ^aII 4,?^^ 4 a Ju Jj>r aJj»-J Lp JLaJ Ajji-iJL ^JLaJl jLaX>-I y < C r N/ 

4^1 yLI 3^) j\P \jj\y>rj 4 ( ^-*'L>iI a JLjL« j^p iJo- ^Jl a -L a .^liL aJIj— ^ J 

."fouled up beyond all recognition" oUKJl JJljl ^ ja *JAy aJ IT ^_a fubar 

yS' 0L oJLio Ujup ! aajI^jl* olu>-^Jl O^^j 01 aJI cjL L**^- l f.\ yr\ uip L*jli j S^Jj 

Ij5*"Ll« LaUip 0 .oLLJo f.1 ^>-L SI ol-b *- j 3i aJL^II 3 oLja*il J y~ 4Aiil y * 

. 3^^* ^ U~^ O^IU>-^ y\ tf\ a^U^i- j^P AALJull SI 3^ OJJ y£->- yA 



hJd&}\ :Jjty oUl 


^Ixui (j jl UIA 4oJ £ jtyjj 

A-jil^rl d.. .*.. 1 1 . AloL^- 1 djLti^U a^I-X^al-*. 1 -Up L* Ip y Li. yJu* ^P^t— OyNj 01 yTr 

.Nj j*J*j yA Jlj.— Jl I -La Jp <w^l yM 01 Vf.LO'Sll -LiJ a y 2 j£ 

y - 1 c_-T li) ‘u^j^ j* ®L^L ^J-A^Sll aL^-L c-LO^l -UiJ oiUrl 01 ^w^l yll < y 
* * 

^1p Lla OJjJj Oir lil .ajjaJl y a— uij jlJJaib Lg-Jl .ii-UiJ yJ iL/ajt ii L a AuiL>r J.j» r: ^ 

0 tl-*ljp^LS^ 68 dJLLT oJlT lij) .^tjjil ^1 p IjUjL 56 J,ly>- Oyu-* oJLt* tlJUjL 150 L yJ s ^^ 

L* j%— ^ jL*«j 3 -L*J* Lu>^ a^oL^-I a—U*. 0 ^-jLj-aJI ^^Aj.^^ys^^yi ^-Lp ^ ^*j ^L l ^JLp l ^ .-.aj o J L.br* 

^ 1 p 1*^^ ^jL*ji)1 (J*Xx^ ^ jL«j . a*^LL« <-3^b*JLi V <?L~y 3 AL?yL> -Up a. . < 

cJ-aJj cL* L*--ior LkjL*l 1SJ a )1 ^*j IJLaj .m/s 2 9.8067 jl Lj yi ^ y aJLJL j — ia 9.8067 

(2 x 9.8067) ap cs 1 JUw m/s 9.8067 ap ^— > \ aJL^ Aili t Jlp ^LL“ jl ^ 4-u^ y ^ 

£* j£\ m/s 9.8067 ap .UTj* j cs 3 ^ m/s (3 x 9.8067) ap^-o j ts 2 J — ~ m/s 

li^ 4jTl < 3 ^L.il ^1 p AP j*~ Jl Jbly Jjbc* 0 *<J*1 £*J j^l IblA JbljlJl J*Uc* 0 jTj ,j£ aJIj 

aJIp a#L 5 ^ ^Ja-oh ^Ip ap^wJI «-Uljj 0 . Ju J l>tJlU ^Jj13 * * oir 

.^y9jS/l «* L? *— 31a-s^ 1 dAxj 1 

j^jIj oi . A-jiUrl A,U— -I fi-Ui. (S C^3Jl ^,-jLl aLS*” ^1p AjiLirl ^jUj J-bt4 — *j V 

0 L?“Sll (j 0J-5i 01 .i^a>-S /1 ^L^>rS/l j?^l ap^-o L a .->> ^Jaj^I ^Lc«j>rS/l ot ; 

oaJ ^ iil fi £ JpjJLm i^uuj •‘“'^ I* ^ £ UauL-l ^ aJjIL 5 Js J-aJj LjaiLvl li| OJJij ^ UjOI 

5 £ ja aJLpU j £ 1 JSClj ftl jAl o jli» ^^Lp ^JLiilL U> aJUJI l^iiLS" 01 ^ > 

jJUIp ^JLjjiJlj oJJLaJl ^i Ip 01 J-5 .1^— jij ap^-JL 0UaA^^> c^tAiiO (J Jv j^Jl UUa —1 bl .iljUaJl 

ry c y* j*->«- 0?1 L®Jb-l 4(0^4^ Oj^i o-Lp Jlu AAjAjLI o-i-A ^ip jj-A^J -ii ^LiLp 

01 .A— -a) UUijil <J»i «Ai J 4 A— jaJ OJjil 05 0 ^ <fc - w *^'^ ^ y -LsJ ,lJUaj| (j lj*i £T ^ 

Ijj .(.JiJpSll ^L-Or\|l y* j£\ AP J— O laAwJ ^Jaj^II J>rS/l 01 Ij-Uipl ^jj-ijl f.1 yaJl ^ 0J 

.*^LLp 4 AJj jjl AaJjA -1 (3 Uai ^--y^l *^i Oir (^JJlj 4f.Lj^iJl 3 ^J-ail O^UJl 01 j^Jgj AjITj jOJIp 

^li^l A«io r bSll OJ-L A-aL ytL 01 .(AjiU y^l) (jb sflb jO^Jl -k^Jl I j-* C^> ^A-i 

•f^‘ r'^V^ 

4jl l*jl J>P ^1-1>*^V1 -Ui ^A ^Jlj APyLill CjIJjv jJl ^Jaj 3 J>i fUai ^y* Jj j>Jl jt^l 
JiL^l 1 -La ajLT ^y'j 3 ^Aa-^il a -L a Lg-— a) OjJLJ . (wjTJl ^>y 

" Software" ^ ji\ y> 1 .Test and Measurement World (www.tmworld.com) 3 JL?r g y 

. A^.U -1 ^*1 ji ^PJj ^Jl A?xi.^I] J-Aol 



CjI jillj OlJb-jll r^^oLjl J-aoJi 


oa!~Aj>- j J,1 A-^L^S/^ SI d*x >» y I^p (j> j ^ oj1*^J1 Jj ( 3-6) J^«-^lrl — ^y~ 

ijLp X <j j JjX-1 '1^ <J$ b a jiJ 3JjJb aj X 5 X ^Ul 3JL*Jl Jw*l*il J ajJI i 

.dJj>-J (_^b J ^k^JJ 

* e ( # # 

L» b*jj t S' Ji Jj £ AjsJLi>i_ 1J ol-X>-^]l 3 J-P A3 JLA ^Jbji.1 yA ■(£*** (S^i ^bX ^ J-^*r < jX Ajj^ 

Lits"J ol jl>-^]I ^y2-*j jJLJ ! o-*5^ jJL5" 3^>-jil (^^*>11 ^L — <L*) J ^Jl 3 J— p aj j «f. 

# 

di IJ jv- j]! dA-fc ^ 1 <a^vj 1 aw! I * » ^ ^ j U aI 1 j ! wLj Oj— 

.u^V 


i*£l 

a y&UaJl j! ^k^]l y& 0JL>0“ t^Jl ^ l*jb Xb i j *~ T ^UaJ J,} oiJL>-j ^UflJ Jj jatlJl JJ. P 

jf L_X . AJliJb ^1* J^ *>\jJJlS^ Jj jA jl \ jl*JLL~* J,1 £j ^il jA\ Jj jA ijJj^Ji V a . lg-~ fli 

J,l Aj>-btJi Jj A jLiJ-i <J JjX V ^1 yA 1~X \lA j jJ Olj AJP ^.Xl J jX b jjb A3 <j ^ ~<Lo 

. aJLaJjJ 

toliib jl* JjL*j Aj^t*iiJ\j^ ,d y*>UaJl ^1 A^^Ji -Lx*j A-<»-*Xj (^Ul ^ja\J\ ^p-\j 

•0 * e 

JI*j oIpLJI j X ^iSI Ji*Jj £ap ^-J l JbtJ c-» JU p j^p ^ u-^b ( J->> ^j^*) ^ ^ j tipL-JL 

^Jl CjI 3 ^»r J ^ ^jP J l iCjI ^JLp jjJalj j .3liuSflj LJb c^iJj>-^]i ia-Jj — j 

.(Xj?r J^Jb ej 7 i) J 

(4~6) AJLum 

dU3 Jj \js jL .Ul^^LT 63 Oj—r X_;l Jl J l if j jl > _- ^^Jp c 

(4-6) J* 

0 jj- Jl-iil^j! Jj jA (3-6) j^C. JbJ^J ^ ^ 

^Ip J-*2j5xJ 2.205 3 -uJL» 63 aJXJI t X"*^) ob Xj J 

* It* 

J 140 J^i jjjiAiJb Ifru j** Oy^^H aJlXJI 01 Lc. .1-^ ijb 139 

s' (S 

. \3j*0 LUp 0 

(5~6) AJLul« 

3 X 1 11a jX .(km/h) ApXb 1 y * jJX 90 *3^ ip^Xlj cb jjjt J 3 X dJbst x> ^ 

# 

?(mi/h) <pLJb Jib I jjii. 



*b jJi\ : J jSlI oUl 


4> (J\ (SI) fUaUI ^9 i*u»t wiVi c> O^Ajjaufl :(3~6) J>XaJl 

.(UUj -l^ij J^UlaA dJj Cx& ^Jaiu V Lujp) 


JJslIL ui ijJai (JoaSU.4 jLij j 

J-fedb u j* a! 

cP! 


IO"' 0 

io 10 


(m) >. 

10' 9 

10 9 

(nm) jla jA j 

(m) Jm 

10" 6 

10 6 

(m-) ojJ^ 

(m) J i* 

10~ 3 

10 3 

(mm) 

(m) >> 

10" 2 

10 2 

(cm) jiauLuj 

(m) 

0.02540 

39.37 

(in) 

(m) J* 

0.3048 

3.281 

(ft) 

(m) ji. 

0.9144 

1.094 

(yd) S^jIj 

(m) ji- 

10 3 

IO -3 

(km) Ji* jLS 

(m) >. 

10 3 x 1.609 

10 4 x 6.214 

(mi) 

(m) >> 

10 3 x 1.853 

10' 4 x 5.397 

Jo* 

(m) JU 

10 8 x 2.998 

10~ 9 x 3.336 

Ayyl-x 

(m) Ji- 

10 n x 1.496 

10 -12 x 6.685 

(AU) aj£1s Six. j 

(m) Ji- 

10 15 x 9.461 

10“ 16 x 1.057 


(m) Ji- 

10 16 x 3.085 

10' 17 x 3.241 


(m) j3- 

10" 27 x 1.661 

10 26 x 6.022 

(amu) 

(kg) <*'> 

10' 12 

10 12 

(ng) j Jjt 

(kg) jl£ 

10~ 9 

10 9 

(ng) (*'> JJ^ U 

(kg) <*'> 

10' 6 

10 6 

(mg) <•!> ^ 

(kg) <*'> 

IO -3 

10 3 

(g) <**> 

(kg) <*'> j1j£ 

0.02834 

35.28 

(OZ) jl 

(kg) <»'> 

0.4535 

2.205 

(lb) aijlj 

(kg) <*'> _A£ 

907.0 

10' 3 x 1.103 

(jla 

(kg) <»'> 

60.00 

0.01667 

(min) aLSj 

( S ) AjjIj 

10 3 x 3.600 

10~ 4 x 2.778 

(h) acLuj 

(s) ^ 

10 4 x 8.640 

10‘ 5 x 1.157 

( d y) <*-h 

(s) 

10 7 x 3.156 

10‘ 8 x 3.169 

(yr) 

( s ) 

10 9 x 3.156 

IO' 10 x 3.169 

oJ 

(s) ^ 



J nJ* 


JAflj ut jJal (j&XA Jlwu j 

JJadL uijJal 

(A 

Jjj* 3 

10 10 X 3.156 

10" u x 3.169 

4^3! 

(s) 

273 ^.f 

273 c >1 

(°C) (jJjjjuaLjui 4_x^p 

(K) (jilS 4*. j3 

^ <0.556 

255 c^bf 

1 1 .80 A1»Jj i-J_)Oal 
459 c >1 ■ 

(°F) 

(K) JjilS 4a ji 

0.556 

1.80 

(°R) ui^'j 

(K) j*K 

10" 19 x 1.60 

10 18 x 6.24 


(A)o-i 

10"'° x 3.336 

10 9 x 2.998 

(Stat A) J4iJ CjIIjj 

(A) jm* 

10' 9 

10 9 

(nA) jjxal 

(A) JAM* 

10 -6 

10 6 

(|*A) j*yJ 

(A) JM* 

10.000 

0.10000 

(abA) f*l J 

(A) 

10' 3 

10 3 

(mA) 

(A) o^ 

10' 4 x 6.831 

10 3 x 1.464 

Jjhnllj Jal j jjSjLa 
(liW/sr) 

(cd) 

0.6831 

1.464 

Jujl jjULi Jal j 

(mW/sr) 

(cd) ^ 

Jjjaj V i JjUaij 

JjjaJ Aa.jj V i JJJaj 

(lum/sr) (jLjjljji-Jlj jj-jl 

(cd) 3ljjaS 

683.1 

10' 3 x 1.464 

(W/sr) J-uIjjUL JjI j 

(cd) £ 

10' 5 x 1.04 

10 4 x 9.65 

(C) jjljS 

(mol) Jj- 


(5-6) J* 

."ipLJl;" e-^Ll jJcj V $ 7 — jlP Jl J* — il Jj j — 4 — «" oV 3 JU-I »j a J £-b__^ 

0^» JUlLj im 1,000 = km 1 of ^jf fix .jL-f Jl ol ^jLfsJl Jj y*i — j p — i isv, dl 

J* r o*^!l JJ.I) > Ji s' or* Jij^' t-U« i -m 10 4 x 9.0 = m 90,000 = km 90 
10 4 x 6.216 i-ulO 10 4 x 9.0 v >>1 OiJoJ .10" 4 x 6.214 ^ ^h_Jl (3-^_,Ul 

0 Si tOv*'- #l ui— *j j! jl 56 Jl jjjoJIj jo*Jl t_Lfl> JU i_ji .55.926 J j~a ?»1! 

.£j ^Llp JUlb j 90 o2> jJtil ip^^jl 

(6“6) ASLaa 

^Xa]\j l jXeu> (5~6) aJLJ.' J iP^-Jl 2u^J ^ U 

(6-6) J* 

k_-j£ .SJliib ^2* j ~. Jl 0-4aPi Juil .(jy ^Jai^ a j ft> : 



AjJLJUbll $.b yh : JjSl' ylJl 


yjl 0] J^Loj ^jyj] aikl i_4 ^LaJS ^ . O^jj Jl oLpL-JI Jj y^- L/2 jI i — t^«x5 

^-° J ^1 J-*~~-* fbulJl tfl* jjp Aj J^z l £ JJi 

j'i/i LjJJ ^JsJj tAja>dj clJJ A-JLkjJl oXa> c-j ^^Ip a*^LA-I ji ^2 *J JLdil **) .^j£o -^1 

.((3-6) Jj-Uri 

y j c3 ? 600 r ~Jfcll dlii U Iki .ajUI y*JLS" Ji apLJIj Njl J^_ Lo_p^ 

J y o^i Upi .90 km/h = 90/3600 km/s = 0.025 km/s y^bj .4 pLJ 1 ^ ji yil ^jlp 
cajL^JI j .Aik- Ajwb- ap m/s 25 ^gip J*a>oJ 1,000 sju. J l ^ y^ ♦ y Ji j — > JLi" 
^A^il lijfc yj c_y .82.025 JLp J y+ 2s>xli 3.281 25 <y y 5 ' $^*^5 Ji y^i J j — >■ 

AiL*ii 4jwbA“l ap jf? aJ\ cft/s 82 ^Ajtil ^1 p JULj j j — j yilb 

• uV^ Cjfy*^ y. 


JZ.JA (jUIal 


a L o ^ 1 AajL^ yip Q» ii| 0 -Opr A^yJl ijj^sj . 6j^j«, }s)\ J-*P ^j^autli lUjb (J5 ^y»Jl Ji ~X P 

.c-il^Jl AjU J 0.5 yry AjyrS/i 01 Lip C^k-j>x->/3 

y yu o j y J^l! . 1 

.jw*^L oU ySO^i ^JIp (a) 

. AJUP ^ oUj^J-i ^JLP (b) 

. ^^Ji J^ ( y # A$L**i.i (c) 

,l \ yJi J y jjjJ UjySsWJ c-Jjliail yjli (d) 

-2 

.ojjl - jOi (a) 
.AjLtiL y* (b) 

•A f'A^T (c) 

.aJU - olj (d) 

jLJl Ijjfc ^y y-Ul yjujl .H 1 <wa j y ^JlU 3 A 3 jLj yy .3 

.wb 3 (a) 

•H 3 (b) 

•T 3 (c) 

.O^ ji*il oJUb ^ ©Jj ^J- pOOo (d) 








ol» ij jL_j 1{ j ^11 J jUi 5 jji <3 mW/sr 4.392 yl^o' «U» ip oJj 

Lj jJaJ 

•cd 10~ 6 x 6.4 (a) 

.cd 3.0 (b) 

.cd 6.4 (c) 

.cd 10~ 6 x 3.0 (d) 
K0ijl>U~jiJiJ .5 
(3 diai (a) 

^ (3 $-0.1 OLJ^- daAj (b) 

. l^UlSd 5jl ji-\ (c) 

• d ^ ^ (d) 

J>^ -6 

- r'A^ ( a ) 

. ixjLtiLj j^a ~ j£- _^S 

.£j J* AJli]L| J* - fl (C) 

. AJlilL j^a — j& _^L5" (d) 

cJ j& lij iaii jl> jL> J,1 j & jJLSsJl Jj jJLSlc .7 

,6j\J~\ (a) 

. A^oUrl Jji>- oJui (C) 
.o^lil a-^S"* (d) 
i^*y* j-* SI ^Uii .8 

^UajJLJ (a) 

.if ^ (b) 

•^jjP r 1 ^ ( c ) 
■</*& flWJ (d) 

jjb ulpl .9 

,J}S dJu^i (a) 

.5 jl yU j-d (b) 



4jJUiisll : Jjty ulJl 


.4-JUaJl h jijil ^Uii (c) 

. Aj jt ^»L aJ (d) 

oJb-j y> JjjUl .10 
.aJL^JI (a) 
.•alii (b) 
.SalU (c) 

.©*>1^1 ijj (d) 









UJuP oLil <-L>JL4 lit* lo^lil L4 cJ* ^<2jJ ^Jl 4 jL Jfr Jl jlJLj ^ j^L j*Ail jt£* 

Ajj?|j J ji ^ f t<— ->jL?r«Jlj ^L-iilj fcL oi -«Jl I.Aj .(_£ 

jJ^'KJl J^iil lJuh £Uj .aJLSiJlI o^LJj j 


aS" yL| a> jlX* JU- lijJi Sj^Ju SMil 
^ha—JU . »Aj jl>wl 13 aLU 4.^1 ^“ aL^ 
• 1 >J^ 1 ^ o' 'J* 

^jy^' v’^ 1 


. aJLp L» * --j 7 * Ja— L? U 




ol It di j—>*£ 

'*j& 

>J lL>-L 4 l* £ (Ol* ; ....fc) 
4d_^illj ia 1 i£JI a^ 1 jJ>j i^-Lfla+fJ 


. 


|j 4^J>wL** j US" C <h^Jf ^*\]t7»/9 0. jy5*m.m .1 <.15: 

JS3 .aJL^JJ jl>- U>:>! ^ jjb JjUlf .tfcl p Sjj jt+laj JUf 
► JJ . aJLS" aL : S" ^^ 5*0 iAuM 


^UJtJl i? » .,<?j . aJLS" Li c Z->fjjj2rwS* (j^V 

. jU-S/l ( jiaj«j (J 4— Li ^ j>- AL^Jj JliudJt j^Kj 


J JL. AtiSJI 

aL^S" caL^JI J*i£ /^SJ. . oL£l Li J^Jj jf jl ^ ■»*■ — 4»l a 1". , ,S\J 

.ttt JjLU jJu<ajl U* «^Lp a 1 iS 3 i Jl jLLj .ol*l j & ^LSsJl ^ L f 9 j^ iisS" jt 

^1 43 'j^Jl j\ ^Jp Ja^S/I oL^Ij jJU — 1 i.n.*/3i 4 L 4 jlf^« J i_ 4 a * Uxp .UL4I 4l£U d>’-M 

UojI oUL Ao— )an*a t *M ttfJbJLS^ ^ ^>5^1 aL 5^ I 4 jl — li] -fjpjty jt t^ju— ^#j!lt 

jjXI*AS'' j l^jlLtL-I oUb -i«util , Jp jLtyw<A' I 3 a >,< 3 « « «» djLJl v Pjl — j j 0jLw^ i, - j 1^1 1 ^^--' j 

[A j*JlJ ^Jl 0 yl\ jl .aL^ vi— J j 4 a y d-Lfc J^. j* oL^L #0 

j ililT j , dl^-l Li I ^ - — A » ll53l .^^jLfc*wi)l jl A^i^L^rl 4^>r f'^yj 4 ^ ~^** 


iJJLiJl i\j jJA\ 


<1 Jdt 


Jp\ ^ P) jjjJl ^i-bul 4JU- J ^>T jli-l s-Uadl Jj lil tg-~d ^ jSf' l 5 — Lp 

. ^ ^jddlj 4 aJ 1 « /3 A 1 1 4_*T ^ll l0*J |1 ISI dl^-l I 6^3 4^Sf l) * (OV’*,/^ 4**+*>&j ^1 *\.£LH) 


^LiiuS 

L*OlP . 1 4 aj ^ jxil d~*«d IglTi J .(jl^*ilj Ajjy cL* a1i 5^ *AjOj>%d Ja^*oSn 4 j8j ^ jaJl 0| 

l» Ja L »i c 4*j 4*jiil3r^ ^J-A^- <3 ^ ^ «*. y 8j d-~-> lj (<j)j*il ^JLp L**~“ £-i*2J 

4llT jjj Cdjowdl ol ^xlil C.-»P j lij .<w~T jTjl <3 jl^L- <^1 <3 l^.«.*«.fl.‘> <JLjJI ^3IjlaS|^ 

^Lii ,JjL>l 4 -*s>L^ ^J lT U-JC* t*~Or ji ^Oj (Ji*- 5 ^j?* ** M -(3^ j*-^r\ ^ ji*+! ^ iU \j .wj 

.N lilfsJl ^s-*^ O j^Jl . JlwJi .)a tfil <3 L*JiP 41 ^ $.1 Jx>- JjTj L*JiP 

£<_/=> jSH J y j'-t* J jjOJ *idl jt ^cj ^ ll jl _/L~j lidtj <ju 4-L>- y, ^yj jdt ^ jdl 

L^l *fd^j-di dJ-A ^3 j ^ ^dd diS”” ^Li ^_jl^ . jj^Jl j<cAp 4.^*1 ./? alt td-^T y ^ 

^jT £-~uj c ^ V-^ f*^' jt *— j CLiXw^r ^ (5 Zy*J-\ 

04^ cp^jjUl v*- JiJj ^ ^>w?l jil 4 iiL> jl Jlp cJi j^> 1 — • f.1 ^ — ^\-i 

arid dlTU. 

J*>1>- ^ ( j^ajl jJl y £Tjj y- J a**** ( jT-io c4JLTJ1 ylS cSO^i sdk^ 

<S 

-b»-l j 41*>wj (J/wa^ld\ L* Ll a - c^d?j iij .((1-7) J^oJl) Jx^ jJI <3 p — ^ ^-s^j ^ 

c^j>~ l^j Ul ,4 j^^*«j ^,4jjl^iJl *■ j-*~ «< |>< IaOip << ^\a\ , 

(SJUxi*) 4 ^x1* ^JLp IJla "riJLTJi ^Li-" 0-«5 iS j£ -5-d^j j,ig.l^ ^ajl jJl jli ^Jl 4iIL> ^ ^1 o ^ 

(J cidi OjJb^Jj ^ j-Aj Jj ® cJ^aV' (V^Jll) LftjjOj 41 JL 4 j jTj 44-jL^adl 4»r ^il 0 >** j:> “ (3 

* * 

Jr^ f-Oj -bu Jxv- j 1 jIa3j ^4 >r ^ 4Jl*lX) j^■sM OljAl O^-ij Jsla^ .(<jj_^l ^lOjul 41 j 


C-llua jUaj 



.(jjjll ^l^aul Ajjj 4 l*^j (jiajljill qa JTjj (jj J ^jujx. £jOaj (>« (iTs *(l — ^ 7 ) 




cOjdlj :^LJi 


J^kIJ oli j^-^i y* IaJLv ^jjjl jil ^ jJl I J_a 

^Ijjul 4 JLj (3 (*£ 0»l>* .4JbSUJ ^1*5”" jl^ZA^[l 22 ^1 ^>«J> djjlxli ^P 

^ . 3^-a*-^ a^IiS”" i ^yn O i 1 t aIxT ^jvL ul 4»4l*-L^xjw<( 1 L^oAjp ^ j j ^ 3 

d^i ^ j^*s-J 1 «.««>.) £tJ ^il jl ^4UlJl jl <J^J^ 4^5^ ^*^>*^*-3.1 AjLl^jl ^lj>LLw*l dJjL>- lil olf.1 yill 

lil L$ ju»JU 4-i^s-Juil .aJLSsJI dj-A ^jip jj ^ t A*olJ^l I i <U ?rjL>- 

.f-UaiJl (J Liljji jl f,\*/aa\\ (J ^jL*J jj.5 Lfc^w aJL>- (3 e Uaa II 4-5*” L*dlP 


( 1 - 7 ) 4iLuh 

#» *< * 

Udjl (J^ J»l .aLSvU j (1—7) (3 l^Liv4 CUAV9J dlil — oil 

.(2-7) f ^>x^S' jJ-j j ^jl>*-* jtgJrl 1 *iA — aIiS"" OjjUil ^>fci — 4 jl 

liA A~j yfcil aJL£ 3| ^A l. .(Hz 5 jt JJjjA 5 <^f) AJliil aL.^" oljji 5 p— Jrl 

(1-7) JaJ 

* * f t * * * * 

JJ Ljl ^ (ta ^I p ^ 5 ^°' 31 ) ^ ja\& ^^aLw^ 4 .^ij j! 1 j^s^l l 5 ^ ^ 3 ^ >A — ?rjl 

# S0 

Alaa;ll oJlA -jA Liil Ua>- ^u-jl .^>«jJj Jaii-I Li ^il a! aiJl .(aIi — S sJl) 

L«^ 0.8 yij Ul l5^ aJL^J! 1 yl .aJL^JI j ^4 ^l?Lfljj jL^Jl dl^L 

.(3-7) J y 

r l > jSAlb aJ&JI 



AjjUUj CjIJjjaVI 

. (1 — 7) ^ J ^Jatjpsl "aJj^ ^pLiLal' aJV^j aJjSII ^lxj-o *(2~ 7) tt 



4jJLJLo=3i sbj-i Jl :Jjty oUt 


(2-7) AJLmu 

«W-b - ik£jl £U liL»j c(l-7) jCiJt J "ak£jl ^Li." J*i. O' liU 

Jai» kg 0.000001 aJj&I oJlT til t (3-7) JCsJIj (2-7) j£iJl J (*_, — ->t - 

?(mgl ^ ^ t ) t ^ 'i ^ il^li y*p 

(2-7) J. 

1 «Xa <j &‘Xjb . j Av ? aJLx^JU 33 ji ^hI^aLI ^ 

^La* (^1 cAaJSjM J§ 33 ^j&jlAJ *l5 .(Jlill 

^yaol Jjjl j^l <iU3 OJj4 .Ov^ijUI aIiT *-^> jj ^i £>- 3Jl^ 33 "aJL^U ^ L-P 

,*JbT U 

(3-7) <JL- 

)|jb tj j 22 J — il'V.Vj — 4llS^ ^0 J' ^ 2^2 *^ ^ ' flt^^"l (3 *0** ^_r**2 -)l 

33 otiLj AAt ^UJi 0 JL& ^ ?1 aA A>t-sk» jil oL^>*Al5"" oLx> * 

• C £ y y^s> S tJPjt’ jL(p*- (_jLp *1-^1 



.(1-7) aJUJI :(3-7) <Ji^ 



sry-lj iSjillj tiL&l :^Ujl J-aoJi 


(3-7) Jt 

<3 . a Lai- 1 J 5 aj L* ULaj 0 aJL$5" ajuj L 01 < ^ — « i 

<u^*3j ^p 4«ojLi a! 0 Olj c a*j ci.« «*»* Jjy+.+ S ' j jSvj L* ( ^LiL«JLi 0 _j^j 01 aj — j t4<?« a^-1 


Sjifl 

.OjjJ' ^juo. & J^b ‘c/ 5 J y~ <3 jj^ *41 j ^ ® y 

^lc c/^Jj .^t>- J\ y Jiil v ^JaJl 01 jJU; cJi ,^L>- ^)!j ^ _jlaJl :0JLL1 0 L>v-~j Ly *-— — *• J* — £j 

* 

. Lk_gj»iJj d. + * 151 a yxJ~\ y^fi l}y*Zj ^)lj <-r ) _}Wl ^ ^ <_}*■*- 

ys jlil . jlJjkl yfr JLj^jj 0 <j LaJLLP ^ ^jaJl . 0 J -*^v^L c-> ^iaJl O ji 0J->1 y3jS3\ 

* t * t t 

0$ ^***4 oJLp ^laJl (3 jl 1 jLS" ^jvSi o ^JL> ^Jail O’ jJL OJL 

o jiil OJULl./^j t4ja>jj a ^5 ^L>- J\ jl C-J ^Jal] OJjcw^I 0 yL‘ ^JLaiw- <( JjUll jlJbkL ^jja^a jj a^ 3*J0 

^)l J <UP jJaJl j ijLl£ jj\J 


£buiS Sjifl 

a^il j\ ^JLiil 45" j ^1 a ^jL t aL ^\ o yl] O^^j 01 ^^.c. . a*pIjcv*> a**«* 5" a^JsJl 

jUl <3*^1 4Jo5lc a04l LOb a jiiJ . 4 j ^^-jjUaJI iJ j^UjUI o yS jl 4 j ^1? 

# ( ^ * 

t-3 dilp J^jJ J^oOj^ Aj LaP J a3JLlJ| ^j—4 

. F j± *^jl lJ j *>4^ a^ill ^LicJj ^1 jwo 01 jSo:.. . A*jaj ^P Aj^X^I 

Alt*Sfl < j^ aju . j a j4l ^\jt-^ 4 j ^ ia ^jP 0L>-S/1 J*J (3 ola^l O^^j 

y t a 5^ a^4l aJL a^LaJI aJj-OI aJ^a-jjl t f Jl tJ ® aJI , . i j 

kg 1 ^ o'Uaii! oJ^5" y* J u jlaJl 45" 01 ^ yiJ .(kg.m/s 2 ) ^ >• vU)L ^-^Ij — *jiS 
Jjpl a yil*~ll aJU-1 y c-j ^laJl AjJaS — j 1^5"^— Jj S 1 dJ. — L N 1 a j a> 

L4 ^Osu b| l)ajl j-X-j JS Lili 0JJ5 tixi/s 1 0 _^j aJI>- ^1 ^jLip^/Ij Aja^l Jaj^iJl 

.L* Jl>-1 


i j in 4^ 

jl cJl j^-Nl A^S" /j* Lg-w-Li . ^ . ^ . 4 1 aLS" (^5^ y aj4l t j — 

aLxJI Jj Jj>*4 LajL- l-3 j-/? jll aJL^JI ^Li* J^jJ^j .^OljLJIS" 0 ^ ^.. w* r 05 aj-X>ot ^JlJI a jJi> Jl 

a^j <~*£ . ((4-7) JfCoJl) ^Lir. -JIJLS-I j A^jLvaj Jj>-1 f-LiJlj (0JJ5 j a y y'LJL*'' »j*/i’> i ~ - : -4 

)# 

.jA^xi.1 ajLj ^3 UL- ( ^*'0all IJla 



w&jt tbj-4 It oUl 



0 jill 


.>jl 6 jilt : (4—7) js-ifl 


W 

Ji .t^ilb 2> Jj>xj ^ bl Ja>- J jia ^ip A>-lj^l .JJL+Jib Uiajt W;y/ ^_3j rj 

-lap km 100 t Rochester, Minnesota ^ V Minneapolis, Minnesota 01 J j—i; 
oSf km 120 (^iUll) a>-lj^l 0U cU.S. Route 52 ^Ip bl 

.Minneapolis Jl Rochester j* jL~> V j* Jail 


£bulS 4*1 


L$JP ^jSLc ^Jlj^ aJL^Js \J> 0\ f <Upljui JaP- ^ip La Jj wiJP A>-lj^l 0 j — ^sj 

^1 jLio .(aa1i£- oJLJL^ 1-fcbrl 1-ij ({£ ^pSll A^bd*! dal-l>-j jl ^>^LS\Jl jl j . tIL 

Ijpo ‘ — j^~' ^1 jLOo ,q oj&Jk j Up^ ^ aL j_ U 

, q s ** - * ll 10 »a 


km 100 LijZ; Rochester Jl Minneapolis o*xi q^ o-l j^fl 0^£L — ^ 

cP^LisP dl4b A^UL* cAap^ji 320 ‘i .**.,- ^ - ll Aj ^l^j 0 _la^- ^ip j*Jl ab^-lj 

01 LllSCc t Route 52 <Ji ^^Ip oLiJl jp Lj~l£ .^LiA-l JU-iJl ^ IWJaJl apL- — J l 

.Olo^Il Jj Vjj — >j cJ^AOl jjP b cJj^^laJl obU^-1 AJ!x-J0 jJa J ftUMI oSf f- UiT 

J3 tfl 

lOjfc Up^ . d^lp ^^jL* J^' jlJ-A^S^ A>-lj^fl aJI^- 1 dO-A (J$ 01 L-> i fr 

.^nn ~ 120 km 


AaI JVt Jjiau AuLS 

(4iL.it) o-l j*)l ^.uf (Route 52 ji JaJt J ^ Js- J\ y>r djL *s» a jLj aJI>- (J$ . A* «, r? ljjJl Q>1 jL^ n.^-l^ 

A>-l j^fl aL jla jO^'- Ja*>«jr. Ajy^aj j Aiarotil oljj^ 2>JP J0t> (_$0Jl Z&jJaJll ZjL^Jf j/UP aU^Ijj 



ar>lj : gUl 


4iy*i~j j^jl jt cjltldlpJ* tiUz^yu ^yLiJl *1 yrk j i me ter stick 4k~J y yaJJ aj — •* j 

-(c ~ 2.99792 x 10 8 m/s) a^UI ip ^Jl 3j y^j <jy ^ yJ^l ^U-iJ 

jy^ A**-jJIj l^j I i-V>“ ^ 1 ^yX^ii y\ ^i!T"t jl 5 j ( y'l—JL> 4 >-lj^|l a-S"* y *A ^ j ^ 

t u..».j / Ay// AjJl^ <j!>l>- at£*VI cy’jS/l l5 JlP aJL£ 5j^*- (J o^*- *t B j* pp ./* 

3Jl>- jl jJ ^y oJb*:. JJ 4 joj jbJl til . apLJI jUp dl4l? ^UL* ^JLibU Jl^ U 4-*- Jl» 3 jjIj-_Ji 

aL^Sj 4a*«-ii ^l*-ij jJ jj^l f-S-J 33 ^ (3 aL£^/l IjIjJ .<jJ jx*i — Sjj 

tp y^*** ^iS^S/l ^ \* - ll , yy^^ IjLa •XmSju t*ulyl“X>J ^tjaj ^ tl)t^ jt* — SI jj . jl * *** Si 3 


tJfjjiJrf fjj? jsd! kijJj djhJf Sjjj $.L*ajJl f.L*l pj <illiM ^LJp jj ^y — L'_j 

4 

J-mulSl (j bijjl cJij yu y>r .(-3/y^y/ bfjJj jfJLaJi J jm^al i LfjJ 4<iU^ ^ V-A_j t^JLUl — j j 1 

yft C~i jl l-Lfc JuiA ; yL*a < jLJI yjJJ ji Ijj t^JJ 4 ^*mJU 3i jL* bljjl i ^1 lil) . cL-SliJl 

.(!jl yJl i>U£l S*U^ t-— lil cJji 


Afi jmiA 

jlia^l ylAJ .Ayt> y 3yl y Ajd^J ^1 A***jJ\j L* J>r (jLilil <JjU^ j^JU ^ 3^- Si 

4— ii ^Ja— ► (^iil jv" . ^ I hval l 3-^-J ^ fS'jk l5 — ^ tj *' ** * ^ 

^JiaI AumJL) ^ ^O* jt J ■» il il ^jW 4l 11 l.jl dAjtjl ^^ytVajL) 4>>*> ■> Slj /|l 1-^ jj (ljjLu»_^ 

.ajjL^JI j>-Sf* 

£ 

Route 52 ^ jLi- j j± — J ^Jl d jL~JU <j^$o Jii .(m/s) oliiL* jl* ^ ap^JL! v^LiJl 5Jb - j Si 

jL^r L)t ^yO jjtf \\ y .m/s 25 ^Sp ^P j~* Jl la 4 «^ 3 j jl 4-^_C J^bilj ^ < >^- j\ ^Jr 

j .uw? ^Jl Jl 4.^;lb m/s 25 LfcjlJuL* aijC ap^-u «jL — II Ja:^» c^>w? 

dl^-lj . 1 w ,/iT C— ^ jl L 4 3 y*- j j Ju C— >* ^Jj ^ja ^]p ji— o O*^" l^| Ut^atv^ 

4^i ^ 1 1 1 jj .L^Ia ^ y >■ ^ 1 j la < - ^A aj AC y. «< Si juAlil , ilj U « n tj ^ * *1 1^ - ^ ^jl Jj A^i 

* *J 

.V Jilil <— 5 yi-lj AP^^Jl jl C^>iJi IJl» <j y- y Lpo .a^JL- A-^ 

tjj jaJl yJO Jl^C (J>l yiil) £jl5^!l jLc LL— _^«H *P iJ 

jii-l jl t w ^l* j3 lIJlIC (^ jLAa^L^ tjlyiil Jjl^ 2 yM-Cj .*y-LL» j^Lj 4P ^uJl j yl- < 2 >iJj ^ ^ 

i^j^l AP^— Jl Aj j» »«i L^AiPj J 4 J>i» 

j ^* *j hjJjl ^^LJl (3 • A^j I 4 1 a^S*' jjl yp A3l-» — - ^JU 1^ • -■ o ^ AP^^wJl ^jLjpl ^ ^ ^ 

j! Jl>^ dhi} J * yt^.j clJj f m/s 25 

« y m/s 25 jl 4P ^J\ o^Uy U-bu c^Jj j*y J'>^' j f tm/s 10 ^Ul 



UuLitll ibjJ It : JjS' <-»U' 


j* ai^t kkpj-- -m/s 17 U-up ik— ^ll ip j-Jl .ikb ax* j Jt£ J 

SiUj ikk iJliltj cip_ r Jt tj^b^ ikk Jikak i^m/s 17 ip j— 1' ikk (Jt * kJ - 

.(ip^Jl 

A^jmiD Jj.iIao 4_Ju£ 

^ Vk ijS'Jj .aUll 4 — oij ip j— Jl ,j»Li kJp ikk^j ix-Li j\ 5jU ip^-" iXa? 

j i yi fj iJb*ui)l Oil jj> iJP 4£y~jl j/JP Xu tiijyi* ialX ikk i — La**}! 0.1 jj3 Jj — P J — P 

jj. Jl a jt . U iJjt- JU (J iJbwJl 0-1 Jji XiP Jayi ikwJl k-P *i J*j> <J*>U ^ j&T .O^U* 

.iJlilu 

l _ r Ju .iPj-Jl jkJ yiL* j£-io j ox»x~r ** obljp jjifc* ot> i^kJk (*-!*; c — it 

5 i< ^kD i 4' " A iijk j *x-LJiJl jl a jl j . ■ - ^ (Alarak' jj^') ^X*? klj_}^ c M * •* °J 6^ *^ a3 — 4 

j! iiJjJb ik«Ji UjjJJ 0.1 jjjJl jjp ( _ r -i jL^a-) (Tachometer) ^o/k-ikk^ a*x*o. — il 
j .ik**jkl ip ti*»Vl ipj— Jl ix-UJl jl »jL-Jl 3 i pj*~U ^aS>- — i* — *i . (rpm 

auk t/’k* dLJp i«xi£ io*j 5 jk tUal 14 ok" ji- ^Jl <k-<^ill ip j—Jl ^ jl til i<i, — ii-\ 

•t^kkl.1 ja*jJ' J . p (P ip^l ilJP J* 

ik— . _jO ipj~~j q l$k ^k L* iiU i/ *a jIxa io * j «a 1 tL* ^»-~»- til iJlkl ^jJa: — -■ 

.U*>ti5l o.U$3t jy liti a*>uu Jbui ,v avg 

q = v avg / 

V avg = 

t=q/v avg 

(4-7) <i— 

K ins t vN' ip j~~J' ^ t* . ^ .i r ---* k>- jp SjLp i4 |j5=>«-d' -(5—7) J^kJ' i>^' Jl j — ^ 

?oC / = 5 ik^kl J 

(4-7) Ja. 

^ .p-Jc.-* kp ^ a jLp ^«k' jSl villi a jk^C iiila /l <*y * ^ll ip^— — St 

l^l it ji* 20 au Cit _jj 10 (3 |»— Jrt (Jkj . jw»^ll ^Jl ftkl ollila jUS/t JJP 

.v jnst = 2 m/s ^ t = 5s iWJt 3 ip j*Jl j tkOJJ .20 m/10 s = 2 m/s Ot 

(5-7 ) AJLp. 

<>* I yjh Jk^l J (5-7) J5ull 3 yl k j'kll V avg iko-^ill iP^Jl ^ I — * 

?t = 7s Jt/ = 3s 



caJL^JI 


juaJLj 



<u!1j 

*(8"7) Jl (4-7) u- JiUoil ^.jm :(5-7) 

(5-7) J* 

<p^Jl jti viUi) .m/s 2 Ul li~~« fcotf ts-j *. Jl jti ia^- SjLp jl U 

3 j^w? Oi^j uJ 3 ^ J uM V avg = 2 m/s t^ia^jiil 

(6-7) AJL- 

c-i APj— Jl jfi J^SJ 01 tuSLc. liU .(5-7) — »«jl 

.^>xill IJl* A^Um\ jj AlS”" ju? j 

(6-7) J* 

*» 

AaJ *V I ^fejl A> xJj ^ i IaaAAsJ AaS”” I>AaJ 

(7-7) 3jL* 

j jSj f *JaJ- 3 I 3 .(5-7) J^LiJl 3 3 >^il 3 c£ j-v^Jl t^-jj — Sill — w*L? 

?m/s 2 ^1 B Vj ns ^ ^\l apj-«Ji 

(7-7) J* 

JL?rjl c^l .^4 JJ. Ij jLv^4 aJL* j^S-o <* 1 ^-; 5 L-U JL>- jlj 6 ~L>- 

# - 

Ijoj ,B ^?xiil ^ JLp Jajij .5 qjjJj ^j^LJ .1 A c? jl J\ ^ax**J . I 



tlijaij! : J v>lJl 


* * _ * * 

A^lj^l JJ^" ^J^Aj J y* t J-A-^ jl ol^rL Ua>- <]olA j ^jA 

i 

• Lji j-*> f ~ 3.2 s j$ i^a" Iap (j ,/ jy^\ A**»utJl '_/►! .(f) (j-*jJl jj^ £-* 

(8-7) *1— 

C~£ jt— » Pi -k* .(5-7) (3 Li (3 J ^ <*_-J^iilil ^IjLs^ — jIj 

J* 

l> tm/s 2 ij jU~> V^ v^' S' C-115* ^)1 t v*j^' *kALI' (3 . B ik—' j. «S* y ■_».'»j 

4IUI ^Jt iiL-il ^ 

(8-7) J* 

A ^ • a ■ — . J . f | (Sj\ . 47 ..1I jL£| i (7 7) iJk-il (3 ^il 1 ^ ..ji aJxaJi ^ 

# . * t * 

I .(^) A^lj^fl J^~ jL%-Jl $l£b l.^Al ■.**.* .j5 ^^“»-* — ^*>1 

.Wy^ q = 1 1 m jt Jtiil 'A* j jju t q jj£\ ^ U-iJl 


Afr^uili ^Ijlui 

-l>-I^Ji A*Jl (3 AjA^- ty^lL lL>v< j* APj-i-wJl — _J 

^axj <J) Aj^Aj <3 j' (3 ) ^jjAaj (3 jt ( ^ S : ...* ia>- JLp <J>^Ls4i 3 — ij) 

.^>L£3l iJLfc Jb4 £jl>- 01 ^Ujf a^>C j£\ obj tUai J APj^l c^IjLp j 3^Jbj*iJi 

ap^-*JI ^biA ^^p j^-jtiJl ^ ^/ . a*pLkj^ a-^5*" ^^3 iL^ j* ap il ^L*-JLi ol \ — 

^ Jlp A*i jju*j 9jl nail (CaII |j j 1 » »» )' JLlLI ^3 AjIj Ajl mmII a p^*<^ (^LuS*" l *1 ^ " i-i j 

25 ^p li li>J .l!JL13 *-* jJcj L^ip ^ ^U-i i)L5^ ;c3 (J>1 ^-i-^- 4 ^j- 4 ^ 

. dl^Nl oS/ J^i ap oii 4j>ui* J ja-J*' J f m/s 
^ ** 

^ Jt jLio .(^-t ^jjj L. ^ymJ* ^ 4 <1 «t< S/' Jt — ^ J — ^ r - 

AP 4jcil 3 j*^L( ^6^7) ‘ (* 6 ‘**^ A-^ jJo ^1,1 jUidj L A ll A«)aali <J j]ol> AP 

*Cj <b^ ^ a*J-SM 31 .O ^ y ^ -tlr^ 4 3^ jy-j £ jL~- — 1 

•Cr 4 ^' t 4 ap^-JI ^ J5" jJcJ 

ic- jddkll £bui A-iiji 

dl3~^U jw J ^il ^1 1 |»1 Jl>« 7. ^1 AP j*-JJ Ap ^t_<Jl 

ap ^*-J l ^>»La> ^Juj ;3jLla 3-4 j 3r^j . Ay^*Jgi>/* aJL^j ijL*-Jl j tiJ-li * , < JLm__p^U 3NI 

3 a1v5 ^p j» 1 Jp Aja^l jj ^ t*') ^ ^ ^ _^t. - a <3 0jL~Jl -^pj |i 1^1 a1>15^ a^a Jl aL^ 

lLJLIp iBlack Hills Jl J^a? 1 >jlp ^ j t^X' jL-J aJ^I Sp^-J' JjjJ- South Dakota a^a^ 
.(UAju^j jt 4ki ^)1 dAJi ^UJ jtp-) (Clinometers) 0^3 



aT i2JL£)l :^LJt J-oaI' 


10 m/s l*>i 





A-iitillj jllat 5 (JuaJ (j£ 


> 1 1 ! M MUM ki > l -»■■<-•> 


t b 


C 

/ 

VI-44-H 


^ (Cj iB j *A) .Ltfi ^ ijL -1 Cj *bj *a a*. _>J a*J :( 6 ~ 7 ) JSJJ 1 


Lljjjl aJa^I^j ji (* - ^ ~^) A^rit^\y{ ^LrjS/ 1 ^1 djLi^l — ^-C 

L»Jl-j 4djl>«-Jlj (jJjattlil ( J_i y* (JjS/l ^UaJt ^ Jfl dj . 13 jJj A^stli jj^ ApL-Ji <^>jLaP 4 ^Liil 

(6-7) l5 «jjVaL 41 jL-J ,<ju jjaJl ^ y ^UaJl J . /a ii 

^>b <j UjjJl *ci l jd\ <JLp a*-j-> ‘45 j il20j 4 90 Ui yL“ cj cb j ta a* — iSU 

. JljJl { Js> jj 45 j 4(330 jf) -30j cO J'j>- 

L y? J jJaJl Wjj aL ^ j* Cf* ap J l Oj^j: — j 

.ap^JI Ouit oUU^ 3jLi>U ^Li jlj^lj ^jLoil jx-^aJl Ul j j jf Aj 


^jlualt 


(3 J-L>- JLP ^ <jt ^ >— > r 4P y ^Lujli ^jp j^jJ J & £ 

(J ^1p) »x>-l ^Jl JbJl JbJLP^ ( — 1^ j— 1* 1 ^ 4~*y ' (_$ j -* « 

.APj*Jl l>lc ;(j;LaiJl J) Aj^>U <j jl (^Jx-^* t_£ * (j) (j ( f ;.4~. 


ijJUS lIj JL^ 01 Ajj^iaJ\j ^j~S 4A*-ui3 ^^-1 AP j^* ^1*-^ ^jU-illl lLj 


.Ub 



hX)Jkl\ t-bjsill : JjSl' .-O' 


£IjuSi ^ jluui) 

j£~. Li y*ji^ oL>-\fl ya*j l 3 ^ jL«Jl £^L*J^ <Ll> y? ^p JJ l)| 

.3 Li j-a^j ^Jl ^jL^ll 5 jLp ^\S>x1j^\ t Lol . ci ^JjL* j±*-+p 

m/s 25 l ^ ^ oLj ap^**J! oi ^Jp c^Lp cs^ ji^* 0 0 -jIS^ djl*A*Jl JLl* (J$ 

^Jj A^J J,] U <a->\ ftjL~Jl OJbw? lil jl Jfj J& ^i-P 6 jL*Jl jyJ L*-LP 4P jJcu \(1~ 7) 

bl ^Lj ^^HIa J dJUi *> jj d jJLiil fJiP J^) J* — ^ Jl cja- — A y 

H» 

jw-j ^ Jil dL^-^fi ^1 l^j ^ jLwwill ^ ix^i ^1 p j^mj o.- 1 1S" 

^L«*»oJt J^J+* * J* ^ l j^f***j o ^ L...JI L^ll ^Jp . Ai#^ a jLw, — )i 

.SjL-Jl jw J ^-TUil aUVI Ji 

£^jL**jJ <jwJ jA3 4jcJ^I 4j^>Li t (7 — 1 ) . j+ g ^tr Lfy»j ^ jL-Jl A*Jl>i v^y — So: 

j tX iLii 0 *>Lj . m/s 25 aPj-~h <ji J ^ ®jW^ 

«* 

•Lr^ 4 Ji ^ cs^ ® jM j&~*j £\ .Zj cyj tX ^ ^ jL~i)I a* — ilj .Zj tY 

<* ( j> ** 

i j^» ^J5 4,1a a «S^ dLJij J jA*& Ojjsj ^J,Ii]Ljj Y aJaaiI! 3 L^Ip ^ oj 



^3_yiH UJjiaJI — (5-^ 


AjUii'i ^ Wo\l tljLaj jJu 



. jj^all Jc. ^z j iyj ‘x) Jblij ^ a jUajJ zj tyj 4X ^ jLiuil <*2i1 2 (7 7) 

m y Ajaaill ^ ^ jLoU ^\ <^>j4 V AjSf ^LstHl jA y ^jl ia^.V 



ASji-lj to jA llj cib^ll :£)LJl Jb^aiJl 


£ jluull JLlau AjioS 

jJLj Jj . (m/s 2 ) f* <Jidb jJZ* U<2jl ^PAj tAJbllj ylLi ^ jbbl aL> jk ^jP j\**lll {£j£ 

ajb* 01 y? yil .^yiilj Jb» *i ^ <£*/£/ j-fc b . AjlA-Jl 3 U^» (jji b 

<* * 

J ? yil .m/s 26.8 b j% mi/h 60.0 ap ^~)1 .01 y 5 j ApbJL }L« 60 Jl 0 j-* apj~o ^JJ 

. 3 m/s 26.8 ap viUj-s^j jy>- a jU-JL) ^^/kj^l Ak-b ^ au>Li ^ jbbl Ja^ 01 

:£ybJl 4 J 0 ^k c^bo- bb£j: bl 

a = (26.8 m/s)/(5 s) = 5.36 m/s 2 

c <o^j .bjw^j 5 jL^ji jbp^/i 3 < 3 ^ ^jbi ji Oj^j ^ c^-j — jail* 

01 y?l yil y> - ajO JS" j^y:. bb)lj jb*t 5 jIalaj:. ^by m/s 2 -5.36 k— yll ^ jb. — ill aL j — k 

.s 5.00 j mi/h 60.0 Ji 0.00 y J*s ap y~i\ 

aJ^Aj bib AuJlP /Jl .4j J aJLS" J_P AA.jall a Jill aJ'JAj J^l ^ jbdl aL y> ^L- 

(4-7) J^-AJ1 3 £x-^aj.l djJjjl ^yba* JjAlRJ ■ yajbjtS"" 0 j-* J Aj^*!* ill jlA A* 

aL^U ^-LaJ j*Aj»^jj (.accelerometer bS; ^-bil 11* ^y-Aj c^- c"^ jb — ; ^-b — si' *b — ;N 

.jjlStil AJLj 3 a 31 _J-Nl ^ybi* ja-*J b y=J c jl^lrl (j a!a5^ C- »;«> 3 »£\ jb* ^1 

£^\jb A??«Jj 01 c^yajLJl j j£- dl^-lj £^jbbl ^\jum al^-l Oj^j 01 3 * ^bl 4 

.^LU d jA*»b* A«b^ljt« d f. dlii j£** . All^Jl al^-lj L?r^L>- Aijill AjlgJl ^jA ^^b*> ill 

.^-L-Sll Oak^ (8-7) j£bjl 

l 5 ^ L*JUlp . j^\^a jS' jSlio ^jb^ill ^vbil ^yajb ^Lp Oly-* ^1 a»>«jl ^1 ^ 

^Jl A^^jll a ^all Olyi^l ll* .Olyll AjiS^ jl ■kxQa i 

^^Lp bjillrl 01 .A^J^b/^P OjAlh ^PAJ d yfclkJ Orr-.uC 0 'jll AifT ^Jp Ojb^or 5 l 5 " l^A-kl 
^jL-bl j caJL^JIj ca ^ijl 01 .m/s 2 9.8 b ^ 3 jbll j ^Lp^U a^II ^jbJl a^jA j a Ab S3l 

# J# 

. b y jlv- b5^ lA^r 5kfl y* jv-y b* 

^ J i. w '* Ij ~^~ L Jp k ** > ^*A ^ jb%J ^ ^b<w»Q^ O^^ b l Of - * AI^^ IwLj U .*> j >r jl j ‘-^^1 

J # * 

jJaJ JblL) J ,q AjIaJI Aku ^ Ijbpl A^'jNl aL cbl5" aJlil al* JL*j aJI ^0 yil ./ Aw*j a yll 

: An../a\\ al* 

9= Av g t 2 /2 

./ j^jJl 3 V inst biNl ap^JI y^AJ bpi .a j ‘o 0 ^ jbJl aL ^ k 01 Jbil ll* J xil 

!^L b5^ ^ jbbl aL^Joj bNl ap ^*J l IrJ y JblL) j 


v inst = ^ 



<ujlLL)I tbjsflJt : J vM' 





JaA3 <L^Iall I^A (jAftJ jLojj ^)ULa I ^8~ 7) 

^ joJajJ 4 flj> L-LXlJ 


(9-7) UL M 

Olj 4(9-7) 3 Z?J y4 C^Li^xJlLIj L»^ Jl jLi*ll Lj.iJ 01 ( j3 ^IaJ 

^ = 4 (3 ^4 ^-«orsiJ ^J ns t 3^ ^ jL-*0l L* . t jya^Al < ^v* jL-^ jl— 

? 4 jtf 


(9-7) J* 

0 £ s*~r^ j) *0r*J^^ £-• J-U£. -ibj? *p oS/ ^4 <3 f ^ jl— — ^ 

fi #* 

^.<^, ^ -1 ^ jLomJ jji Jl^rl 3 ^b“ ^-j 4 ^>lijlj ^iLl ^*»LP l j^> - 

uJJJJ .(m/s 2 1) 4JU)1 j ^JUlL 1 ^ Ja*> ibji c^l ‘m/s 10 Ji 0 j* Olji j-i — p 3 

if 

.a inst = 1 m/s 2 y> t = 4 s *Ja»«Dl 3 £ jL~Jl 0 jS3 

(10-7) <1— 

^*jJl Jlil 3 (9— 7) JiC-iJl 3 ^4 4J jLi*il ^ot«JJ a aV g ^ j0~ < — ^1 j — * 1 — * 

?f= 8 sj,i/‘ = 2 s^» 


O^^j m/s 1 (j>^b*o 4jl Iaw^« », 


(10-7) > 

» • Ja >* /gJ*r ; ll 0 ^ C. j Li £jL~ Jl 

.,^>^1 3 (Oi^w 9 ^ 4 Oir ^ 4 j O^ 2 -^ Ott a avg ~ 1 m/s 2 


(11-7) 

«S“ ' j>- j*— Jr jVI ^ jUJl 01 lil* -(9-7) j£-i — )' ^ 5 — Ll ,_/! — >»i) 

U-4 4j>“ j jJ^J* 



ary-lj :glJ\ 


AjjliHj J4-0 t4X.^iii31 


1/ 



•(13-7) Jl (9-7) t> (J3L—11 fu j :(9~7) JSJJt 


(H-7) <> 
(12-7) 4JL*4 

^inst ( 3 ^ l)j£o t ^j - 4 j J5 «(9 — 7) J5 (3 <w*J 

Vm/s 1 ( 3 i S (3 

(12-7) J» 

.yl ^nJxJl 1>1 Li^jL***** 4«L*^ l)^^j (_C«3J'^4 .5 d Ij ^ A - ^ 

4^- j ++ Jl jy^~ Ljas- cijrpM ,2? ^Ip 4 J 3 a 1 z*\>- 

p p 

.Ij jAi t = 6.3 S ji^ t 4^-aJ| I J\ .(J) j>jJl £-• t(v) 

(13-7) illu44 

W 1 jil jt— Jrl 4fT y>- .i^-Lj .(9-7) j3\JUJt J$ l$ c£ 4 * 0 y*-^ **l> 

^jL*sl)l l)^^j L«JjLP t 4ja>tiJi J 5 ^jnst APj— Jl ^A L* . jLlP^/lj j£? 

<1 

•rn/s 1 lijl— a inst 



tUjxll : J jty oUl 


(13-7) J* 

A-Jtlfcwll ^Lc- 4 *il ^Jl ^Lc ^JauaJ (^1 ( 12 - 7 ) <3 /iyM 1 $ • - a j ^JajiiJ) iJ — 

* " * * - 
A^*aJ| 1^51 . jy^~ l^A3i Usl>- jL— *H dl^-L xjl .y^ {£ y ^ 

• Vjnst = 3.0 m/s Jl y tits' j Jlili ll» J _)OJ .v yj*M J^- 


AijaJt ^ 

^jL) Aj^a-w* d cAa^— x^A^Jl $.Ij j«g]l (J5 ^L-*«^rS/^ 0^15^" ^>- ,^Jp Aj^j J? r 

L*aXaP <L*L& ^n^oi^i A—— jJi llil Lfc^Ljpl (3 d-L* <X>- Ij .^jj ^j ^J^*-»xl ^v£?1j jJlj ^^ijljl^ 

. <L*j>w3 AaoI^t- ^ J -Lip (.$, j./2 it ap j~h ^jA o>1p j— J t c— > yk* 

JjVI (JJJ^ oj^& 

cAaps-^Ip- dj-SJ 2JI>- «*^r^ tit O^jt-iit t.\ — i 

a 5" j^i-\j A)li tAjpp^lp d^iLi jl 4 A<»]gII.* A Pj— u p— -jApt tl)ti^ tit (2) A )L>- 

, ap Jl d JL 4 

(jjjjj 

iL _ji» jL£l ^Sot Ajli c(^y yJl>) F L$iL> jb ijii (f'ji 7W J^S' 1 * — *- Jpj — lit 

fi 

.“aJL)I Ui y ^ AJliilj (7 ^jLvsxil 

a = F/m 

y* AjL Sr ^i\ dJti> aa]i ^s^t 

F = ma 

axaa^JI ^aa&) 4 AapL*<ji o^La^Ss 5^ ^jL-vjdlj dj-ill -Xj Ujp 

F = ma 

(Ut^it (jjjju (j^jti 

4^i> j 4 |»— ^- yl ISJ ll£ oLKj .elsiVl <3 jlJLill (3 J Jj** Jj ,J — *4 J — 

.(F o ^iU AaaaS^L*-*^ — F 1 -^-pljtJii d yk j j4 ^ OLi c5 F L^pIa^x 

(14-7) XI— 

jv ft Uai Jl J siysr m = 10,500 (1.0500 * 10 4 ) kg tilts' 

iL> Ja» .JU-sJl <a 4 »Ub ^.F = 100,000 (1.0000 x 10 5 ) N VUi ly] 

,^jL— ill ^Ut*i 



if ji-\j 


(14~7) J* 

F ojdaJi Jj i y2j ycj Ji jJ J$ ULL* oj^Till 4w..^ll ^JL>»,: , 

jL*Jl <JL ^ ^^Ip w ^ y6j 

a = F/m 

= 1.0000 X 10 5 /1.0500 x 10 4 
= 9.5238 m/s 2 

db£lj tF ^ ob^l A-k*oaj ^A oJl* 3 3 O 

l**o ^vja** ^ip j*+p\ ^ jL-dl 1JU& (jl -I 4 

oiU- ‘41 j j 4jts" J AJUaiJl <S J>\ oJA Jj^h ycJ^w- tdAW .m/s 2 9.8 

^j-^>- dji AX j ^pLu<3 

(5-7) 4JU* 

jjJb bll ,jv f-U^jill 3 Jai£ ^kill jl OjjldJ liij 

(5-7) J» 

^Ji j^j>}\ 4JIJ2P 0 ^aJl aJiA o ji j+j L^-pLjt^ 3^1^ a jl j* J w^Ij j * "i 

^lx-i /^SsJj tLj yL) oLj J 4P JajP 4j J_^ £ 

j ^JaJl <j\j <brfc*li li> ^juj ^Jl 5 jjiJl t, *«*o Ujb ^kJjl 4P 



^JLwwl Lli ^ 1 p o* 


0 ji 4j1j ^ 1 ? L* 




*^•1 1^1 G-VaTt 5_?f r_..T ~J ) O ^SsJ ^ J jj ■ ^ ^ • ^9 aM ! _i_2> ^ ^ ^ -l p 

3jU J gj yx-j* <J 01 L«JIp 

tj^i - b “'j -1 

•-r' a ^*_> (3) 

.AJliJli jl* ^1 (b) 

4-JlijLj j* f>\ j& jLS* jl^I j (c) 

’Cj -J* F* Jl>- 1 j (d) 

_J! ji v-JL m/s 1.0 UjlJii# oL? 4p^o kg 19 *5^-™^; .2 

ia>- ^1 P ii aJliSvJI oi ^> j^\ i ?<* r *j \ jil Aji-aj /y* 5JbS\Jl dJdj 

■<jjj 19 (a) 





tbjJL Jl :JjS' olJl 


.Jjj 0.053 (b) 
■C/Jj 1 (C) 

■ifX> 0 (d) 

oLjT * jA 4 p .3 

. aL _ ji> (a) 
.iLS'j 4P ^ (b) 

j (c) 
•*yjj **r- ( d > 

3.00 AibS^ ‘-r‘j^ a /***" dai'-'f ^ .m/s 2 9.81 ,jA *—> yiili ti— jajSlI 4-jibM ^jL-J .4 

?s 2.00 ^ 1 ^Jl L* t JIp £^UjjI j-* kg 

.m 6.00 (a) 

.m 29.4 (b) 

.m 19.6 (c) 

.m 58.8 (d) 

jM- ^Jl aaL-A 1 ^ l* .Jaii kg 1.00 jl~o" 4 Jl 3~^1 ^3 jkll *15" 0? j * I .5 

?s 2.00 J v>)' 

.m 2.00 (a) 

.m 19.6 (b) 

.m 29.4 (c) 

.m 9.8 (d) 

?oL?«i 4-jitv O d » y ^ lit* .6 

^ (a) 

01 Jj^l ^jA3yL^M (b) 

• 1 ^^jsil ,1a, a * (c) 

^ a l l b 4 . (d) 

2l^Jl ^IaJ- 0 .7 

.»Ulj jjj (a) 

( b ) 

•br*jj (C) 



aS* cSjaI'j 


* * 

. IaPIjw* \j\*\JLA y.,- a ^ oa ) All^sjl <l\X^ <\zt 'y ^d) 

^ J Jj yP O j-s^3 J_aj ^jA CJjAi tf.llAl JLwJj ( jA .JJX-/3 C-J jli f.L>ijb fyi> .8 

jj dJUi .^L «*>U Ojii l* -U p £*-1 y cyjUJl j^/ *lit <j *LJJ lJw^j 

• Jj ^ 1 00^ (a) 

.^Uil U^u (b) 
.cJliil yJyJ 0 yli (c) 

. aL 5" OJj^l 0^ AjLJL**- (d) 

aW-Vj ^IaJLJI o\£\ eJw^J y^lc .9 

Ujjj i^UJl .3y-^Jl bljj (a) 
.ap^-JIj 3iL~i! (b) 
,<iLA\j J*jl\ (C) 
.Aj> (d) 

, t + , 

^LkJm AjsUj Jjj _ j!p ioLJLil {.LjI <-j jb 0jb>«jU c.- t ]«■**» ■* {_£ y^~~* (3 g^LaII f.b — > 

^ jUull 

.aS" y^iil o jL-Jl al4b (a) 

. aS"” y>*ill 5S”* y>- aUrt ^jm^ju (b) 

.5 jL^Jl aT y dUI JU^ 40 yip Ajjlj jij (C) 
.yL^> Ajl tiy-y j;P (d) 
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i J-ttJ! j <45 
AfrUaluiVij tAiUallj 


Jlp . <jU?j *5^- <?*S' 45" j>cj> 4k5" J53 .45" fL-ot-Vl il jJL- ^5L~-*>l53l JJUl5Lll tjwa* 

| -/aall l«XA ^ L>JL»^> . ^ ^5" ^ dl^Ii^l AjlilJl^ 45" ^b| 4*^5" «-> ^bijflt. . n^ 

. 4^U* Vi j-Ji 

^ jaJ^S 

t(kg) j&jL£}\ ^A aJL^JJ 4-^LJaJl d-\^- ^jl . AiPj — j ^ +— **. ^ -1 a!5" ^a 45"^, ‘ki" 4g, „i ■, iS* 

- fl y>jJL53b *5" ^J~l a-^ 5" 3L ^1? c5 .(m/s) aJ^ ^a ap^JLI A^i^i <U>- 

45" yU 4-^5" jli c5 0 jlJuL* J^bu 4P^~u jy>0 b« p— or aL f 0:>b ji bl . (kg,m/s) 

f-li 5 SjlwliL* J^bu 4P j*J}\ C-Objl bl ,o\j AS- J~~}\ c-lij 1 J^\ ^ip l5 djUUU J|>bu obj? 

.5 ojIjJL* J^Uj Uajl .sbjJ 45" j^-\ a^S 0^ c^ti -UsiCS 

£bui£ AS jdJ AmS 

j^3 ^LJbj . (^1 ji^jJL^ib) Jfl jJLb 4il5" (jl J t(4JbJb jllb) V b» ^-*or AP^. ji 

.*b»-£ J^b- j ^A p 45" 4-*5" <bj^W 

p~mv 

.4JLjkil ob4VI tj**l5" a 5" ybi 4-^5" eJw=> .4JU15" 4^^i V 

j^rv>- 45" 4 ja 5" jl) . obr^lj AjP ^*^J l aJ^Jj 4jL53| 4P j**> ^bcJi jblP^b Jl>-b jl Lulp 4#f \g?*L ^ A J 

jikj kg-2 4^1iS" ^ 45" 4-^5" ^ 4iii£ 4 J ^1 db"iib Jik> kg-2 Aiks - ’ 




J jh 01 caS”” j^~\ a^S £^lxd pj cap ^ J l xd V ,(aJL&-JiJ 1 ^JjJlilj 

p = my 

', <d>*>liil <j tJaJI l$^~\ 3® j y>xiA ^-~~j>t aS" y>- Ol ^jSv-C 

Jrl aIiT • 

^-»*«^rl APj-** ® 

p_**~Jrl a 5" ^>- aL^-l 3 7**^ • 

* 

. AP £^lxJ- 3 I ^xJ {lo^Qaxj dJlJlj jlii! (jLoJ^-^fl 

jLjp*^/Ij Jj-UJ 0^ ^.lya 4JI 3 jL— w* 3 ji<^j cc L^a-d ai*a*w cl- 4 aI^S”” ^j« £■ 

jAvaJI ^jp c_pJL^ p3x.,»i»j a^L»«J1 ap 7^ ^Ixp ^j^p j^*xi)l c^-*.*- 7^ y^J _}1 431^ — 4 4 Ja 0 j 

a Jp J^>r 7J Ajl ^J-J£ * */a)\ d AJLjLfc * Ji aJp P F 9 ^3 ^J^Jaj .3-X^ alj^lj As*JL__j^ 

APj j caJbljl* ap ^L«*>U aS" a^Lii A >r y* olS^ 1 aJLft Jj> 0 0| cd**^ c^UxoJl AL*a*w <3 olS"* 7^ 
7 -a Lo-S"”^ Or 1 -?^ F ®7 -aj a«j1j / ajJ. t^M 3*^-^ l^i «a 3** 7^! ol^l ^Ip O^IS^ j£-\ 

y ^jjJl .^jJtj Ujlp F/ <-p ^-V- ^! c((l — 8) j£dJl J a^UI a!i A y\ 3 ^ y?y 

:(kg.m/s) AOlJl} y j 4 ' 7P ^LS0L> AP t^xjj cl jj-SOl J&i y^ <-3 7J-U aJ t^lxd 

I = F/ 

«* * ^ 

3 Aip- jjL^aJl ois" t- 3jp AjJ ^L-ilS*" ( J^-»io cilii jl .AP ^Jl ^lx-0 3 ^ 7^ 

:a cF 9 j-a-^j c/w aI^JL AiJxdlj < J- v aiJl 3 ax^aJ I £ UUoaJI 4 : : i .^ 

F = ma 

.^iaJl aJ^U^. 3 F 3 /wa 

I = (ma)/ 

g,\ «/3 all AJLuLw- 4p jj*» ^\jlS» jl 7*^1 d-X>- y APjx-mJI ^ IxP 7^-* ^j L >^. l l 01 O^fl 7^ *L> 

cAi^l J UP oC a y jJjj jjUaJl il y^l 0t ^>7^! ^ .Ai^UaJl Jxj V 2 j c^ jjUaJI 3*>Uail JJ V 1 

a = (v 2 - Vj)// 

^1p aaL^JI aJ^LxII 3 a- 4 —aJ 1 a^P ^Jpy> 01 ^7^-^. 

I = m((\ 2 - Vj )!t\t = m\ 2 - m\ ] 

.a 5" 7^*1 Ay+S' 7*xl] jLw -^4 £jjjl 01 (^XJ lO-Aj 

* tf j ^ ^ 

Ajj^L^^/I SI 7J ap- j\*xxJl wLp ^xijJl /7P 7XJ . Ajj 7J77J 1 tbjjjJl 3 l^Lfc \j7jl3 LlAAlJ^ 1 J jjJ 

Au^J t>-T JSlo ajI £-*jJ!j tSCaj 01 di^-c .a 5" j>- a^cS aj \S* j c(kg.m/s) aJ^IIj jJL^Jlj 



AMk^t j j cj^Jt j 4 ar y-i j^ji 


p ^L*JuJl aL ^ 1? ^twaj ol /^Ssjr_ .p djl ^^4 ^lx-5* L» ^j»r ^ 

•J*y^ dr 4 (X ^ cf^ $ ^ c 


O^-J ;>-^l jl 




fuuiaJl J- jLuij Ju>Li. ^iiil i..in>ij (jl tl>^AJ A flSTi% <a ^1-L^J t (l — 8) J&u*H 

. ^cLjaS AjjLj t<JLaJI a^A yM ^uiaJl) 


(1-8) ilLu 

Uj& ^JLp yjj . JUjJ! aL4b m/s 50 otf ap^~j il kg 2.0 aJuS" L~~>- jl ^ ^±1 
^iJLjl y> L. ii ^>JI j aI^JI cm/s 25 JJ aJb^Jl aS" ^>- ^ y>r £« 

?aS^ j^A Jj ^5**^ (J 

(1-8) J. 

liJlJUi'yi SPj-Jt ^l»-lo ih£)l j^> Jv’U- p t sJl^V' iS* _^M i**S' 01 

p, = 2.0 kg x 50 m/s = 100 kg.m/s 



io-lidl fbjjflJl olJl 



ip j_Jl iHOl ^ J-^U- ^ p 2 iff y I i_»if . JU-iil «l4l> 

p 2 = 2.0 kg x 25 m/s = 50 kg.m/s 

:p 2 — p, iS' X~S J jlidl SjswJL) . JU-iJl »l4Ij 

p 2 - P[ = 50 kg.m/s - 100 kg.m/s = -50 kg.m/s 
( * 

a~Ju ja jl Lc. oU-Ij kg.m/s 50 ^ jL*j a^a)\ ol* j . JUjJI o! 4 Ij 

oL^Ij kg.m/s 50 if £JA)l A*J> jli Aa^oJIj c35" yi-\ j Jidl 

3 Jt jA y*** abrlj ~X aJj jjflil b £^U-jJl jl . y A^tjlJl dJlfc ^ JJ *)! 

tlj.^ <Jl*> j*x>- -Llp .iJj-j aJj^I? JLp ^ Jj'L-Al y 3, * J - 3 .^**5^1*11 <*1- ^rVl 

. aJu jJaU AilUll A*-JiJl Jl>- JaJii aU^I I 

^IjkuaVI 

L^^JLaaw* C I ^ *1 A~>* 3 lj A- umJ aS" 3 W « 1 1 l » ^ y2 . W fcj | «» J fl .l^J L/+.A* P 

.^IjJaw^l O-b: C-b jJl 3 

AS AxaS A-u jm&a 

1 g 4 ** 6 i I Ajjl^^jl AS" j^-I A->jf jyj C a 5"J^/ A ^oj A^i 3)y\3 J| bl JL>< I 

JbLl fliaJl 3 N . L/^ ^ 4&J/ jir bl flak^VI ^ V .yak-^l aSJJ-1 a^T 

dji jl 5jbS^ Jp-Uj ^1 bl ^L)ajJJ aJSsJI aS" ^J- l a^5^ ^ y 2 *^ y jl iil^>-l 

. 0 Jj Jj?r 

Jj JaJii Ajpb J?Laj ^jl /Jl |3ajJ l ^Jp aS”" ^J- l Q^. /a a jjjb .. jfl . j V 

^ijilfl 3 j . Aj^LLI _L»LSjJ| jl ^ 2-LP ij\ j£ ^Jl |» la ; l i ^1 p Ijajl ^ — Jaj 

.^Ualll toll Ab aJ£]I aJL^JI (^JJl ^UaJl {£ I ifjlill 

lit ^ ^iU olJL^ jJl jl bl c^bS3l I-L& j iJL^Uai j^l ^y* .^U j!Ap^f c~5 ^ll aJI 

^L»j^ aJL^I?^ i^l ^LS^Jlj AA?“t)0l aII^VI 3 j .(SI) ^Ua-Jl (J 9j d.SU__£ 

OjIS^" bl c^j^l jis^l l*b& ^Lojlp-I ^1p ^ j.*j . AJlilb ^1 y jJL^lb a5^ ^3-1 oLaS^j c aJUlSIj j . xlL ap ll 

^jSsJj . L^» JL?=«JLw- 1 C(^ ypl JjJL^ y>r bl i^jJaJlj . ^ jl ^LfljJl 3 Ajl-^l C^IJL>- j ll 

Aj%t*xj ^1 p jl ^b-J-l Ujb Aail ^14 c^Ia>“ jJl j ^3 jl ^ ^ .oIjLJ-I tl ^*1 -^p Ij j ?- 

•c3^ ^ o~) ^ y j. ^ 

4jUI ^Vi 

jl . Jlyll Js> iv 2 y v 2 jr^ j^ (.m 2 ym x jd£$\ oy»-~^ jl .(2-8) J^-iJl Jl J&\ 



XMku/ih j tiSUall J c J*a !1 j ctf >1 J-*a)l 


^ ^ S/ 1* A>t^ c bj^ ^\p V 2 j Vj ap^wmJI ^pbci 

(_<? jUo //jj A^JbS"” ^.Ul ^^11 aS *" ^^-1 0 | . Jbil Iaa <3 ^_**ajiil ^3 ^l«xJflL^>l a__!L>- 

•P2 = W 2 V 2 c5jUJ #ff 2 Albs" L^iJl p—aJU aS" yU A^Sj tp, = m l \ l 



t 4 at'i-v ^ <c-^juJ 1 A_*jjjI (jSl j AojIj A- 1 j£ 1 i* <_]£] t<jL^.J>l ^jl AuiTk ^ :( 2 — 8 ) 


.^l-lIax-aVl »i*-J jjLo-i-kLaJI (l_j) . 1 a$ » irk* > qa (jbjuL LaAj 


<v^ <& Jlr* * *i ^<AaJ , Lflw* i 6 yfl U^ ^2 * < | j ^ « fi ll ^ 

^ j CdJbjJrl aS" yU ^S" p ^pjj .4jUlj\l A*j^\ A*J*f J* <S\ Cf V JbJj* 4P ^ t 

Ii^JLijJ .aJL^V^ aS" ^*-1 < j^y±£: ^1 

P = m \ y \ + m 2 y 2 

:dUJU .m { + m 2 aIi^JI J*£ v ^IgJl apj~JI jSo:_ 

p = (w, + m 2 )\ 

v = p/(W{ + m 2 ) 


*> * 
tV 2 ^ V j ^^ 2.5 ^1 0] .(3 8 ) c 3 ”“ 

. ^ «*Vb A>w5 jll oLfclrfr*^! J>ij jLgJsJj t < 0 . g ; < x l j lU* <jy>w3j^ jjP V 2 J V| Ap ^P jl .Jl^)' 



bJJA all frbjJ l\ : J oUl 


p— c*JL! aS"" ji - 1 0J Jliil \Sa ^ja (I) p— Jail <3 ^luja-stf»l ilU- jU-^Jrl Oj $\j 

JUbj ,p 2 = m 2 \ 2 Ji jL~j m 2 db5" ^JUI aS" yU a-^S" j *pj = AWjVj jL-J /w 2 ai — L5" 

* 

lf-^axj jp jj y LiJ . iiliiP ^ ip j^va> La • Lf-***^ (2~8) aJU- oJUi JiU-— > 

JUP 



tAilia-a ic- isJul j AjjIj <!& La$ la JSL1 40)l-£>» jl*u>,?k (1) l(3“ 8) 

.^l^lajL^aVi Ajlj ^jLajuaaJI »\ <ft$ Joxj y* (jLijaL LaA j 


^ . 1*4 Qa *j ^jP c (^) <3 b » 4 OL— cM 

0 jiUil lii j tjod ^ aJl$J1 aS*" ^ jLl ij^5^ lJ>S j .Aff .j-* JST - c~> jJv J,Ii)1jj tip L pL* — 

. AS" jjM A^^S** Aa) y+&A 

.V 2a A72 2 JbjJrl iPj—Jl ^U-i J V la Wj ibSsil JbJbM iPj-Jl 0t 

aS^ C^La-S"" O^J^SJ ^llJlj^ 

Pla = ^lVia 
P2a = ^2V 2 a 

ti5” yL| lu»5"" 4J y&* j ^jli) Lii _j 


Pi + P2 = Pla + P2a 



j (iity t j t j**ii j 4 ar ^uii j^ji 




ffj,v, +WJ 2 V 2 = W 1 V, a + 7M 2 V 2a 

^SJLJ-I (iUJl J .iJli. oMU (3-8)_j (2-8) j 

* <* , 

LJ LLp y ** - 1 I ^ li| bk-J bl* t 1 i \_C_^ ( . A.* «.<■' L*v j 1 ^Lll AJLfe ji AaAJ Ij-fe d2>j ?T Jl AfcJ' 

_)I ((2-8) J^-iJl J) iS jJ\ Ak^Jl Ja jl J] c «j-» J 0^3 Jl ^Ijj2 

fi LjbL^>- t JLJa^M l*Jl 3 <j^.A>ww .((3-8) JSLiJl 3) j£*b^l b — 15^ jl ^ — • 

oLL*P 3 J jljj^ c£ A->lj AJbL* AliV^I dj-ft jl tw? j£\ .j*J* jSs-io 


(2-8) *£— 

aSw< Jp ji*3J .jJ Jbc* L jujb ^jj jUfiJ ^ 4 j jJ Sj jjj ~\J 4jl 

kg 2.50 AkS" 5 jUaiU .m/s 0.250 ^ ^ kg 1.60 JLj" AkS" A J — kili 

"' ** 

L*-&lS"" j£- 3 a^-J ol>^ J 4^«w\X» 3 ^ j>r ^ . m/s 0.500 apj-^*-! b j — p Jj — > tij j 


jl ^Jl jlJU>* jljlJaiiJl .b^ilJJji Jl U^-s^j Lk-^ljJa-^l (S^}i ^ 

l* ^Jl j^P a jJLiil J*ajb ^Ijjb^^l AjaJ- 3 0-*i jkl Ja j*\j JLp f J»bc* 

* ■* J 
,A2?>w< j^P j\Ja* ^l ^j^>- Jl jU atf ll ol^rlj ap 


(2-8) J* 

* * fi * 
01 jyj6 Lp^ .Jlyil Jl p /w b j /w a oljlkaJl .jUai J5" <5j>- — ^1 c N jl 

JLp bo^jaxj jL^S^bu Lo-iSl Jal j&\ ^JtiwJ) .l-JLa- <w^ ^*^Ij s^* j* c3 ^*i3l «l — £\ 

<0 

.v b B jliaiJlAf- J. ■* J v a ^4 jUaili AP ^ ^UJl Jtj Lpa .(A^Ljl J jie 

0 .v b = -0.500 m/s_j tv a = +0.250 m/sj im b = 2.50 kgj <.m 3 = 1.60 kg jf I — s.j 

JI^JI Js. aT >1 

p a = m a v a = (1 .60 kg)(+ 0.250 m/s) = +0.400 kg.m/s 
p b = m b v b = (2.50 kg)(-0.500 m/s) = -1 .25 kg.m/s 

aS' ^ Dj5s dUJJ 
p = p a + p b = + 0.400 kg.m/s + (-1 .25 kg. m/s) 

= - 0.850 kg.m/s 

* " ■* 

*bjl ^4 jjjUaiil JbS" Jl jUaib /w 5JbS3l j j$o' 

.'4jLijJl ^IjJiv^^l aJ^P 

m = m a + m b = 1.60 kg + 2.50 kg = 4.10 kg 

3 Aj I y3 * A$^ J-l jl Jbb *V <-3 J^b dib^l (^3Jlj A-JbgjJ! AP ^*3l ^btjJ LiP^ 

0 » • . . . 

b jb-vw* A-jb^jJl ap^JI ^bcj c ctJbJ3J .Jlb» ^IjJa .ygl ^Ijjxyg^l j^ c 2 : Lc. 



A^OSsJt ^-AJt 


:/w ajI^Ji aL^JI ^Jp o ^Ji, p * 5 " jJ-l 4 *^^J 

v = p//w — (—0.850 kg. m/s)/ (4. 10 kg) 

~ - 0.207 m/s 

.m/s 0.207 4p j~*j <~> y^l «L41 j ^ljAav?Vl ii C4--5" Jl "j^ 3 -^" <A1 1 Aj& j 

* 

MJSo^LaIU 1 4 ^ JjIj ( jUjL* 


lJj! lLL15j o1jL*34 oLa>-J I (j^waJ d)Vl ( j^>- j>r tJjVl .A*jki1 J-j £ 5 ‘Al y*l iik* 

J] kg 4.10 ^Ap kg.m/s 0.850 p-^-ij' .AapV 15" ij olJb- Jl j&L .v^» y 

Jp l)I d-L*- d lAl .(m/s) 4 *jL^L> j! c5^ji ^ AJtwJl ^ ^1 J- jJLSsJl jL^ 2I>-1 
LA yl^Jl 45%wAl 3 ol~l>«Jl <1)1 £ja -X5"lill 3A^P JLAIjj cL^Ap ^ ycj J*^l Jp toLL^ckl 3 

(lap U I ^*1 ills* ji J Ui^» c(2-8) aJL~JJ 4-jL$JI k^-iJl j (kg.m) ja - ^\ y JJ" Jp j l:i*a>- J 


vyi 


,4P ^~*Jl 4L Jaj o~l>- j jl 4P ^Jl ol-Jb - ji ^ oJb-j ^1* — ^1 jp J l5" j>Sl 

4 1 >LC 4 ^xx?i^? 4 aPIjlJmJ| O I ^ i^> 0 - 1 LL>P l )1 43 ^xj ( 1)1 *- —^7 (^jAJl j 

* * t 

.^^•1 Lp\jcJI» La»>b 4^fc*Illl l) . 4^5^115" 4 4*3l^ L.^»lxj 4 4P 1 ^ IjcA J 45" ^A-l 4. ■» ^ 

V .(^^Jl- j'-^ 4 ) ^AiSOl Jp (p U-i) 45" J-i \s£ tuJLi t(2-8) 4JI— Al Lui 

d)l 1 */ 3 )\ Lu^JT *)l J . ^pLfcJ< jl-Ld> ^aJL^< jlJLi. ^ ^jl jl-Xi* ^1 ^plx-J^ jl 

^JaiJl j-laJl J> iJj>o |i bl (^5 ^J-P J-^- l )1 — Jj 

3 C^AJl oU?b ^l! ^ ^jSCiJl lAjb Jp 3 yCJ d)l <-^z. .(c-Jlyfl'i.!) ^ptx-iJl C-J J^A Jl jl (^JLJl) 

Ajot \ ^1 (^b5sJl lAjh ^jA yup 4- ^Ul ^1 JLP cdJJ 4 . ^ m. A 1j 43 ^jL* p-^lftil oAp ^ 15] . 4j ^ ibil »— 5 ji.^all 

.(J^^l J-v a -ail ji^Sfl M 3 lAp ^b?;] 



(3-8) ii— 

jUaiJl .(2-8) 4JL-AI 3 bfc5" U^lJLp] (S J>r (I^jLj j^ 5" /^Jjliai ^ 4j j5L* 4-*J dAj-0 4 j 1 jlil 
L J> il j>^i j kg 1.00 ^Ai 5" 5 jUaiil .m/s 0.250 <p^ 15 j kg 2.00 as — L 5" ^4 
3l v Ail j*j*\ ? r loWVl Jbu eJr^ll jUaiJl flW J 4P^» ^ U .m/s 0.500 ap^—h 

. 4I^*->» yfr jl)a3 


w ( 3 - 8 ) 

.4_JU- 4^ yAl flW j 4_^r y 3 yjl «wi (1)1 Up^ . Jl yll Jp /W b j m a JJjUaiJl ^ls5" jU- 
4V a = +0.250 m/s tw b = 1.00 kgj iw a = 2.00 kg <1)1 Uj .v b j v a 4p ^Jl 4^! ^pjj Lp^ 

Jl jsll ^Jp *5" yLl Ll^5" J ^5j ,v b = -0.500 m/s j 
Pa = w a v a “ (2 00 kg) (+0.250 m/s) = +0.500 kg. m/s 
p b = w b v b = (1 .00 kg) (-0.500 m/s) = -0.500 kg. m/s 



ipiku/ii j ctfiyi j cj^Ji j **£ i^isii j-^ih 


p = p a + p b = + 0.500 kg. m/s + (-0.500 kg. m/s) 

= 0 kg. m/s 

Ij^o ^ c5 jlkiJi j A jlkiil ^15" ^ ^ m ^il jUxaJl 4 jL^ 01 
m = m^ + m h = 2.00 kg + 1 .00 kg - 3.00 kg 
\m aA+^1 aL51)I p <a y~ju* p aJ£Ji sjf ji-\ \jS iS v ap^~J 1 
v = p/m = (0 kg. m/s)/(3.00 kg) 

= 0m/s 

. * * , 

4jUJl J$ OJLli jJLj Ji . 0 aJI>- J§ ^luja^Vl Jbw W--5** ^ll jl — U aII 01 ^ — *j l.\ »j 

?Lgl£^ O-y 2 ^ ^1 JUy I jiufi O^^J 01 <-A-S 4Aj < 5"" ^-1 C0l5^ lil ,^L>wU*w, * 

jjv oJJiTj f uw^i jj ^ fikJi lii u£Ji <r >i ot y> ji>ji u * l5 _Lp <~>\j-Jr\ 01 

j>-\ 5 jA 3JLL-J1 oN^Ull J)cl>\ . j\Jjl* aS^ j£~\ 01 £ £i ,^ljja-/?*yi 

Pa = w a v a = (2.00 kg)(+0.250 m/s) = +0.500 kg.m/s 
p b = m b v b = ( 1 .00 kg)(-0.500 m/s) = -0.500 kg.m/s 

^pljcJtJl ^J^k^rl Aj*yjlJlj ,®L^Vl J§ OLl—5^1 AdA Ol^jL^w* ^ jUaJLlI 35"* J^“l ^^-<>5"* ^JL 01 

«# 

.1 ^luja^^l J-5 


JjoJI 

Vl Aii*S/l . 0 ^ 43L~A ^lp (3i^ 2j J * g-lj J~- .dll <J$ .J «-*jl 

( J-*j 01 01 .A*pbM a ji ^j~£'\ju a ( < y^' jl oijjl ) 5j^SsJl 2+ ^Jl o!3 

^ q 3iL~i F LfdL ^ ay j!>U- ^ w j^»Jl1 

w — Fq 

.(kg.m 2 /s 2 ) ^ y- >>-fl ^ C J-^ v-W^l ^ y> (N.m) 

4jlu6U uj i jJaS 

■ 01^p 1-*-O 0lxw»5^ a>-1j^I j S^aJI — ovi O^S"" j — oS/ l>Lf aL«15^ c.~^0 aajL^J! ll 01 

® ^iJl A^il oSl OLkl ®0-A J$ 1 Vyi ^Vl c-la^-l O^ 

C^l ^aJI ^1^- c5-iJl <— ->1 jJrl ^Oa^l 01 AjLg-Jl j jl^l A^jij ^Lp 

jl-^S" 


w = F*q 



iJLiiJl tbjsiJl : J jV' oUl 


dl4l Jjij \jJjl» 4>-'j^f' qj (,3S£ flW tlr* ^2"^ Ij-Li* djill F 0| O** — >- 

^l*J\j^ ®ji^" ^Jfljjj ^£^3 c(*) k-® 4)gia«ll y*j Ja^-'b/ . L^-**«jjj L*j'. 5 q^j F Oy^J .lS£ 

.kg.m 2 /s 2 J ur :>IapS|' jt o!J^ j)l jl y>~D <^UJI vyOaJl JA U-iSU <^1 v ^ 2 JI 

^ip J l^*^j jJU c_-> j-s^ Lu^jC t4-w-oaj ol4^\j As>rtJj 3 jjiJlj 4>-lj^[i 4 w «*' O' L_LU? 

* ^ 

. Lplx-i j L^ 4 *^ - ^ £ Si .J?j«JLil ( J^w*D 4^y>wyaJ' 4?rwjJ' 

r -1 * &*j 

4ij ^LaJl 01 .W»j\! oiUJlJ (J~S"Ijc 4 j£Lij kg 1 .0 4lkT U-~*- Lxij Lit J* £ 

.(JaliT \ 4£JlP 3 j5^Jl 01 yi') 4 P j^j£ dJ-ta 

.a.i.X^ 4 ^LmA a3.A^ ay jjj-JaJ O' <—~Si .^jji^^J dJ-*io^ t^*4-' ^Ip <— aaj 0. i )' ^y 'j 

* 

4JU>r OJLp'ji ji O' OJoSlc .4*-uii dL4^1j OJbJb Ifc* ii y£ ^Jl 4jai0l j 4j>-'j^' j 3 ji' 4* if 4?xl— > 

£j fj*>U' J^*j' 4-^S" j Jy c^f Jl U^P Ojii c^3Jj jJ j c JyJJ ^SS Jl I jtfti j 

dl^lj JJ4 JLOJ 0i»' Jp yiJ j tLsty ^^ip Jail£ Up 3 oJJjJ i4j^*» 43 1 i 

J** -((4-8) J^iJl) 4j>r«Jj F ^3 dy3 ^\^Sj L< j p wLOaJi 0 y3 J~~^ 

4jyljali dyil' JLio /yi' OyflJl j'JLL« y* L« .{J 43L-M-C. i^\ t ^Jy>0J ilwLjl j'j oS. 1 P*^\J Jr' 

^jLw*jr ^L>c*io ffl |*-m*A*' 4ilS^ o’ ^0? Fg 4-jil^r' 0^3 0^ ,4Jb^Jl 4-jil?r 0 ji 4^~ S^lxi 

3j5 j-JaJ ^) . Ji^-MJ 3 jSSa 4^xi>j m/s 2 9.8 W ^ — a» a g ^ — 3 0i .a g ^ — jili-i 

3 jS L- 4^J j F = ma g = (9.8 m/s 2 )(1.0 kg) = 9.8 kg.m/s 2 = 9.8 N U jlJJu 

(4“8) 

l- - .m 1,5 4iL^i p-~cM j oJj' ^y 5 yiJ .(4~'8) 3 kaj Lw*# Jlill jLip\Ij wi>-U 

^ys*-ii' J\Saa 

(4-8) J* 

^jLv^o m = 1.0 kg 4 !^]' cy jS> p-~A*' J^ 4 . 4 ^ 3 L i F 3 j — ill ^ 

4^1! a g = 9.8 m/s 2 ^-plJr' 

F = ma g = (1.0 kg)(9.8 m/s 2 ) = 9.8 kg*m/s 2 
^ jSA ' Ji c5 jl — i W J-jJ' JUIj j cJLp^O q = 1.5 m 2iL-i d jiJl al* J*JaJ ^ 
i aaAj jb ^ jS> 1-u^c t'U-uij al^Nlj 0Lgj?ny qj F O' Ur. .F*q 

w — Fq — (9.8 kg.m/s 2 ) (1 .5 m) 

= 14.7 kg*m 2 /s 2 

. Oyl^ uy^ jt ®Uajt4 0*V 15 kg*m 2 /s 2 ayjjy ^Jt diJi >^-j 



APbxu^lj clStiaJlj tiT ji-\ A-*T ; j*UJl 


^yip L4 J^jdS c)| ^tibiAS^ ^Kwjit t A^dJ^P ^ jA A*J LiJb £J jA jlA — ^1 J& jJuS^ C «JL>- jjl 0 Jl> j-LJ 

. j 4 J y* j~ 3 i (jjJri t$»x>- jJ\ aJii -L>r^j iJsL^i y-— 3~ apL-j a5 y*~iy — 1 

3 3-*b& y& 3_j3rl . Lj jAi J 15 l£ d~<» ♦ (4 8) aI^-AI 3 J\j 

JL>-1 3 jil^ljJb C*^JUj bj W*l J 0»l J>» j^£l> .oLijj^J^lj t*b t^byAh 

, (J jA^~\ oAyA 

ttUI 

yp dilp byu Aii <^JL?xl> . AjlJaJl yP l1- Jj y^ , (Jt^AiA o Jl*j aSUAI *A?rly — » 

jis ^Jyy o-^>fj Lc.j .^ii*-Jail jUilj ob^ ciA .1 y* $j^y*bl A^UaJl a > 

.bJbP* 1 y5*"b JjLj djj-5^ Aj jl>- i y^ Ail fy* N Ajts " j j-Lj ?aA AiUail yjt .4 «L*t (H_— U- j 

J-JIT tfUJl yUJ J^Ao V->^ ^ «UaJl ^ c(<lUJb ^ V) jUl aA cJbuM bj C 4> XJj 

, "j-*jJb fUil Jp djJuJ| M yfc aSUAI t_jujbu Jb*-1 t4jLiU-l 3 . Jji-b 

iiitilt AlUaA 

aJp jljaf tq ^iLA tfj AlLS" p..~>r £jj JL1P .(4-8) (j W> jii ^IbJU <y y-f d y J )ou\ 

. -k y... lb ^ cl— J tlAif yi L* ^J-s£ . F o y 

p— JA (jt y ^-ibirl J-i>- <j i-bjb H J,' j>- 4 ^jL-j -ftt = 5 kg Oi 

Aili -kiw A^ j J y^ JL> _jkJl _yv>- C-fcij .C-) _^ail jZi^S c-J — ** 

* 

t A-J5 >j^/I pUoP t jl 4j bi kd.^ A^ yj itn 2 AjL— i. AUij IS1 . p^~ Oi.^ > -j 0^3 

J^llib t JaJL*u A ^ jjj on 4 4_-> jJaJl ycv>- C-^ij . A-^jaJ c^ ^Jall Jjj 

<-J‘ , y (_) 5 0— L Jl> A ■» ^ 6 « t 1 > |^wOr -bbLta»| jb^-iUjjl ^ »^j^_jS/b A> U)a *, d l -A ■ P 

ct-> jA>- tJ iiAli C--. .«*« ^ (ji 

^P-b .^J-^ju ^bii^ L5^ AjlbaJl djljap| (J,^ - k* j — *1 lib__A 

F l^pbt^ aL j!bly Lii> bl . wi ^iSLli ^tlb JlilUil . l^lSOl <—iUJL 

AiljflJl (,q L^pbci* aJL yb AiL-A ^ . ~-A-l IJlA £3j A-J^b>(*JJ ^—5^ l*> ^ *■ 

Aw.^dib E UJLP A^l^l* 




^*4 j) (_) Al>l5cJl AilkJl JL>r jj y^s-C t yii b-JLtb L*5^ 1 4^1^31 ^iUaJt k^.-.T (3 'k yk jw^iJ 4j| 

2il)aJl .djL*Jl AjjlU .C j b^>bbl 3 Udjl Al4lS3l 4iUail d >* jj . AjiIj ^1 jj jy»- Jjy» 

oAa 3 L^-^SsJ ^-J . jKJjlj-^ail jbJij <j ^ 

. JU tyf JLp ^ jatja ifS 0 J .(4-8) JSLiA 3 3 ^ 





( 5 - 8 ) iL— 

an 3.000 a*LJ. tkg 5.004 J?\ aJ bS" cJlS" lil .(4-8) j£-SJl J} aJ^ j — * 

jf jJL^c a g = 9.8067 m/s 2 JLoULl ^jL-J aJL ;uj> of ajIWI £-Lx^ 

Ja>- ^Lp (3^ 3^/ 

(5-8) J* 

<LolA-l (3 kg 5.004 AlilS"* |*-~^5*r ^jjJ Aj^i 2 -^ Oi C^jl 



A ft jJauftH « Jill aJUJI -aAW^ AiL^ftl o j3 (jaJau ^jc- JpJL&il t(4~ 8) 

.(j^ajfyl AjjjIa. ^^U-j (JSjjIj 

F = ma g = (5.004 kg)(9.8067 m/s 2 ) = 49.0727268 N 

! 4^>-l J*^L> o jJiJi 4^*lSsJl AiliaJi 

Ep=Fq = (49.0727268 N)(3.000 m) = 147.2181804 J 






.oLfc ^lijl 5 jujI ob iij oliL* oS/ oLa ^\ — %j\ a *jj\ b . a L * j__i)a>« 


.£ p = 147. 25 cLUJU 


<£j* J 1 iiUall 

AiiLb i(4— 8) ^ <3 01 j iaJ 

dJJ^ Jp f— ‘■^M JojL-j t ( J-J-i bilil jJ vb»JL>**^ liL* .£p 

(K * 

J iljJlj .^IJaJjVI .UP i^J iljili .^liujMI -Up j*— 3iJJ jt <_^S^ ^ 

*> t-Cjj tijji j>- } i 3- J j-pj tijljlfc) ^-J JlSOl (jl t£J J>\ is !»-lj iL^lSvJl J*— 3rl A *0? 

, 4— cUaP 0jL*JJ d jJljaJl ^Jo dll 4^rjL>- 

SiUail .iJajL- $ J * . /i ll 3 fi bl« (j^J^^? j%-— 1 ^-1 ^l)aJjl ( J- — * 4 — itbL j — 

i>Uall aJU J5" ^JlL- y ^ll i>l£Jl AiUaU 4 jjL-^» 4ja>JJl ai-A j ^*irl l$£lc ^il 

4 -S"" j^~\ iiUaJi .^Oajjl Ix!m jl J y>%X jf <£ \ 

E k = Fq = ma^q = 9.8 mq 

ibS” /w t(b> jJuJl iiL~> JULj) t$Jl j*— mJ^I ^ij f ^Jl iiL~ll g j tiijail l j ijl 0] <J^—>- 

uy^* j lJ> 1 tm/s 2 9.8 d l5 1p o g <^p b*> <x>x>*x> ^^bL-i ^ jL^; a g j — i-i 

.^>U 

m ^JbT Li ^Jlj j>AS ^L-^SU ^ jo-jdLI tS aJu J* illub 
E k = mv 1 /! 

tip ^Li>.:^l .1 j*i>L* ^\iaJj)l\ ip j+* v 0J 

.<2JIUJ i>-L>- V ' )> LJll?.|i?l J_LP iP j^-Jl <— jL^J- ^L-Jl J-s<a__jiJl d^jl j ^ 

iii^Jl— o) .(4-8) <Jbll (J 4j>^.>ali ( ii y A j iiljflil iiw» L__jjj 

jLs^i ^ ^ ^->- t^l j>*lA t^I Jp- jAaj jS^i^ 

mj iil^JLJ (/w Jjb* JCX^ J^-) 7W tjij^ tlLil .lift ^ J>\ ila^*>L^ jf ‘} 

. J*aj V ^5j iaJ i£ jl M iJ_^-Jl ^ja .jL>^Ll (m jqp «—> ^p-) 

( 6 - 8 ) iLi 

.m 4.0 iiL-i 2**j 01 j c/w = 1.0 kg Jrl ibS^ 0^ ^ .(4—8) Jl iJU jp 

. i>-ij|/d iijW liij C j j^j 5 yL) 4>l)ajji JJ L* ibJ- (j L^jlLj 4-S^ ^3-1 iil]aj| ^Jj>- 

.i^j^U-i ^jb-j i^J ta g i«-i^ m/s 2 9.8 

( 6 - 8 ) J* 

: JJJiJ .a g = 9.8 m/s 2 j tm = 1.0 kg 0) (F = m 2 i g q iw.^ali Ui j ^LJ-1 



4jJ.ia - .it jUjJit t-ilJl 


E k = 1.0 kg x 9.8 m/s 2 x 4.0 m 
= 39.2 kg*m 2 /s 2 = 39.2 J 

. E k = 39 J jjjjdlj Ey i»J l-j Jj i _~£ JbSl/j ‘Ov*^ uy^ y U J^Jli *^J JS"" c - .lapt 

(7-8) <1— 

J>j% oUaJjl JJ U ijaJ- J p—aJ! 4_f yLl iiliaJl Jj>- ,(6~8) 5jt Lt J jj _,!! Ju U J 

t^.^aj ot-L>- 4«Jj Jl .a^jb *2lii jl y* y . it- 5. b ^ l* **0 

.(6-8) Ijt-Jl (3 <i JaJl5” L*Lc 

(7-8) J* 

jJl f-l j^i Li-L i . olJbjjl aS"” y~ ap II, a aJu .,^-1 

J» * 

.!>Lii JjT J L*V> ^ <i!L ^JJ3 twiia^j J .C->l yti aJLP JJ aL^ 

jl £jLJI y j? J3 ,\p y L A . \ l$JyCL~j ^il oJdi ^ij Lso 

C[ ^ aV g 

^ jL*jJL 3- aV g Jl-Ll~*l La y jJl /j cJxo-^i! ^ jL^xll ^ aV gJ C[ <^1 

<UjL*JI Aa ; „,^Jl AjJtIjc* LI LuSlc . (A. la** jJl L*jL AjS/) . *)J L LbM ^ jL- ; jS/ Sg 

:^J» J-U 

t-(2q\f 

= [(2 x 4.0 m)/(9.8 m/s 2 )] 14 
= (8.0 m x 0.102 s 2 /m)’ /2 

c-4 jiax. Lj JiftJ "?s 2 /m jJl ciul y ?a g ^jL*d\j JxiJ LI — * . J j — £> ^ — 3 ! ^ — Jail 

L^_*p jjjtill ^ y- c-4 Ljlp . L^. ^ jaj a^ a^ Lx -11 ^Ip A*^*jijl ^jjL*j ca g 

&i\ .S 2 /m dJL>- jJl O-jt La t j- 4 j *LajI dJL>-^jl c--> jLaa jt iw~£ tdJ-^-^Jl aJ^>Aj 

/ = (8.0 m x 0.102 s 2 /m)' /2 
= 0.816 m*s 2 /m)^ 

= (0.816 s 2 )* = 0.9033 s 

oN j^xlilj ^IJLP^IS" C->IJj>- jJl jUa^-l . AijL*Ji LjI y^ (3 jL/a^l (^j — >- 
Jbjil frl y^l LLp aj^ s 0.9033 ^u-iJl jjJU N Lp^ Jup (1 ^juJI) 5d>- j 

.CjLL*J“-I y 

t ^y t# ^jL*Jlj ^Vj ns ^ ^^Nl ap ^J l L^?J Ai^LJl Aji^a ^L*Jl 0^1 j >-L 

* I O^jIj (J-VaX. ^ j Lw Jj 

V inst = ^ 



j itfllaJl j iJUiJtj ji-\ LS ^lill Jl^ooJi 


:/j a g li-< ^ . 35 3.g ^ ci Vila LlllSot 

v inst = (9.8 m/s 2 ) (0.9033 s) 

= 8.85234 m/s 

<3 g*La . LoIapI (3 ^13jf {j^ *■'’**“ aa^ a>~ <J ^>- jjJloj 

0^1 |JL*j ,/Mj aJ^Aj ^ aAw? ^1Ji>«jl-*!j JJl)3j dAuLJ <-*-£ j>-\ 3 y>r\ J ai* J^-jj 

dA-SJJ .m- 1.0 kgj = 8.85234 m/s o\ 

E v = mv.J/2 

= (1.0 kg) (8.85234 m/s) 2 /2 
= (78.3639 kg*m 2 /s 2 )/2 
= 39.18195 kg»m 2 /s 2 

u-j ji' <__£ <oy' JS > O' >*- lol U.j ,(J) J jJri Lj— i ^ — * kg*m 2 /s 2 _, — )l jl 

#* 

3JL (J y^S' L*U? lfr.->ii ColA>- jibj A^Jl i ^-1 ^ Jaju viJ lij .39 (3i A -OAnJl Aa- ill 

.(6-8) 31*3*1 j a>a>li«A 1 4>-iji/o 

Jjij A-S^ ^-1 Aiijail JbJL>ill (6-8) aJ 1*«J>.1 (3 jil AjL jJaJl ^lA>»-L^ib jL ibl b — jAJ 

jJc£ (7-8) aJ^— A l Ll**o4j1 L)j^>- a3 ,(4—8) (3 jj jLa* — 11 

!f j-g-A - 4 jl A***? ^4 ji>*A ) UA *p~Jl Ail . J^aJ 

AaILImiVI 

0 

c L 5 »A 15 A> . ^>-T J] AiUaJl jl 3 ^V$i*A 3 Jjl> ^a 4 {.Uj = aSI c 3 b — ^ (3 apVUi 

oJjt £*LAJI ^-^<'Vlj t(J/s) ^Vtlb 3 _^A-1 ^A 4pUaI**^)U A*^Liil a A>- ^Jl ,3-*-3l jV^rj 3^ ^A ApUa^A'V' 
3 -Ul { J ^ ju (3 jVAj . aA" ybl Ajliail £_> Lj j 2 j UJb APliaI~wVl ^jil . (W) <Sj/jJ/ jA aA>* y— J* 

.APlUl^Vb A^l53l AiliaJl jij£ 


4^Uau<iV1 

AiliflJl ftJwft 3^JJ C A^i j AiP Al^lS^ AjLL? 3rl <_■ t(4” 8) (3 Aj>w^ ^Jll Ail <^/l ^3 

(^j-%<aJl jU^ii^l jy*i .(i?jA-JL Al IaJ) Jrl i? ji*- JLLP A^fT Aili? ^1 AJL*lSs^ 

iXto 3 A^Un*»Vl 01^-4 ^jjl -Aa3j j£- AiUiaii A-jS^ Alljail AjL£ l j^*3l! bQfl.lll LCjj il*A.si H 

.liJJi (5-8) . ApUal^^l ^i.1 1 -Va J (^jLaaL? ^JbJ 

'(J^^ ^ A»V^Jl J Lfc^jjwiJ A^ilj l ji~ 1 Ajl$jl ^4 Ail ^ jjt 

131 ■ ( j^jSfl ^jP ^LijjVb ^**3rl IjLj t(ojjjJLll 3 ^1-A>tl«-1 j() Aji^IjJI £-J j3 jjjJilj Ijlj L«JU — 4 



«.b ^ : JjSft oLJi 


!aj ji fi 0 jSsj jl ^J-basS 1 ' ^bJbj . Jbbt* 5 ^l)aj ^JL>tJLw-l (^jj^baJ' ^ 0 ^ .~:M 

. <_AA*.*Jlj 6 ^Sv-Jl 4ij ^ L5 ^jJ v Lpjj . J-J-l y«S/l jJa^j 



j£UHj 

. 4 bflMl ^LuaVI Sj£jj <JLal j (j^-AJ .^UolLul^U ^JkdiJajj JllLa 1^5“ 8) 


!kil]jb ^jAj UpJ 

^iju oUT 1^1 ,^*15"* ^li? ^ ■ — ^1 * ■ - - ^ -' ^4^1 Ijj *iLSo: , n <«<^1 oil? 1 ^ " ^ “ 

*9 

i4j ^ i]ail 4jL«Jj ^-jb! £-Sj OJb* Ajtil ^)l Sjb^j 4 j ^ ijail d jaJI ^ — $LJl 

AiUail J~Lic* /jf' ji-xJl /^SoT. .4*il jJl 14 3AP //* tfJLli 

jl jJb IS * ibbjj 4^UaI^V' 3bjJ JU*i' IJLA J^Liu J O' jJb Ajtii jJi £jjj> jJui 

U i" C<*3'j ASlJL* 4P j*» ^>r' {j* Uj^ baJLS^ ^lLiSsJI jJ 4^3 1 ^ 11 

£j yj ^ vIJlS^C tb Jfrj .^^irl £3 jJ 4 j ^ liail **>*^1 OObji 

.km 100 j' km ljt tm 100 4ib~i 




■ iiilUJij ji-l LuS :^\ih 

4*il J)\ jJjf ^ j31j .Aajjr *)} < J-^1 ofj iit^j^-^/l ^cJLP * 3j31 01 u^J ^ 

j\*«s ~ ^m j\ i ^j^Jl t jA^\j (3 y^3 >A^rl ^J^ju A^lfi+A] <pljai^^|l oi .oL oi jj-i ipj— i 

1S1 i4j\jJl> P ^ptkl— - VI Q^jk" /j ol jJb Aplial^^l P Oj 15^ 1SJ Jrl ^Ji 2u^l^Jt oljaJl 

:3>. ; v^H aJJ> Ui J Ep p— Jrl J-i 4.. ifCll Sj^l^Jl <iljaJl ^U. 

E p = Pt 

j£-iJl ^ya:) 4^oJl aJL* 4; Off o^lpj g^Cj 

P = E p /t 

^Lll>j .q 4jjj0^ aJL^JI lS j } — -A 4 — iljail 01 

aJUI 5juv^1 J*>L>- 3 




P = 9.8067 w^/r 


( 8 - 8 ) 


_31 


^ L. .s 7.00 « jUi. t) m 2.50 £_Lij" jV kg 200 ■^S' <J j* * — >i 4 

.m/S 2 9.8 ijiUrl ^jl-J >s*1 4 Jl» jb4“^ l; _ji]ail ipUii*.^) 

(8-8) J* 

! ^ry*L^ J-Lljlj jl. J 1 ; j yu py 44jL_JI * i« . ...3 i 1 AjP L... , i 

P = 9.8 x 200 x 2.50/7.00 
= 700 W 

^t-Lft dUi ki^C <_ ^ ^ j IjJt^l -1$ LlIjJj 700 tJj 4 j £ 

^ ^Sfl 2UL >Jl ^^kluj .W 10 2 x 7.0 J£jJI ^juJI *,b£, <j >ft <j^l ,/^Jb; 

■A~y .W 1.000 ^jL-o ^JUlj.toljjLS^J kW ^ ckW 0.70 jSLsJl ,> -aJ — Jl 
y julj W 700 ” go* ^AJlj 700 W ± 5 W J^iJt ^ ^1 a,LT 
U _>* ^ ia« > J-^5 j -Ai '(Oy*^ _/# J AiJil (_^JL> 4jj) ."W 5 

^ 01 Oj-i tO-^S/1 o-i> 4-1 p ot ^JJl Lo yi <_^Jil Jl>- jl>t jj .W 700 mJsL-m-j 

. 0 1 1.^ d tf 

■ k3» ^UjS/1 Lu— Jj 1-^j-^ i 5 _JLSvJV 3 jLjtil ^1 jJI (8-8) aJ^—AI (J ^ .«* 

£A 4-ftil Jill jjl yj^.1 t L j^JC Of 13 1S1 OAlAj ^Liil 1' : lc 1 

t(4-jL ty jfi'jiS’ t ^i>) 4-^L-S/l SI olJ^>-j 3ilJ-l dJjb ^ ^JLSfci— J .4<..,rtll (JL^ (j l ^ 

j J-^> kjf jJLju 



SiO-Usll tbj-flll uAJt 


AojUj^SII AfrUaluiVt 

^Ip^J iljAiJl ^ 4jti \ £^lji ji jJlJ JjJLil (wjcdl ( / r P j j2j ui 

ipljal^^l 0 r-Li /y* 4 JL>- ^ip ,4pljai*-^l jj J^rl ^ja 1 2J& il jl 

?> 

.(8-8) 4jL*<ll jj L*5^ Lj Jaj 14 p-p ^Jl ^^Lp 4 ® j^^Jl 

0 r-W^ f • (6-8) (J j> J-* L<k5^ <uil^jlj ii "* J 

100 -ii jil jl tjP ^Li ^ 4lJ jilj dj-LaJl ijj* jr^ C->lj 

® *1a jl ,lil^I>-^|l AJTJLP 0 ^^Jl j(j JaliT ^ ^J-i-l jl ^1 p 4^^ c£ j>"SH oLj>l ^li^l ^ 44jdb 

4-lalC J-J-l J 4iJlS^>j 4JL<Li I 0 ^Lii JL>r Jj . ^1 \jtj\ (j O j>r j> j^P ol *5>l jli^l 

3 J oljJl ^LX* ®$,l j* jjSi*» 40^ tJ ii]lj . J,liil ii ji 1 ^ Jil ^LJLM — il — 4 j 

(8-8) ( JSCjJl j3 Igjg^il L>Ju>fci^-l lil <lAp ^o>tjL^ (^iJl J*j ^Jl ( j — * ji — n (6—8) Il 

.iplk^Nl 



. jaflj ^ lii-y ^ij] 4*ilj]l ojUftl ^ »l JuP 0 jjj1_Lo 4 jj\j^£JI <C-UaOjjjVI (jjjS ^jfLaJ * (6“8) j£-u*H 






^U hjl\ JjJ i ja 

aJL*JJ 3 <b $.1 j>r\i L^J UjIj (6-8) j5^-iJi 3 bi — *^j b — ^ <J^j — ^ 

a1*5^Lj ^UaJl y cyL-c*- aJUA- 1 o-l> 3 bj^c. .W 800 Ji* oJJl aa ^Jp ^ jJ Jj .(8-8) 

U jfi* ji .(W 800) JL-tflt Aplku.1 (W 700) U*iJl a_^\£AI <plk W Ab 

jll 0 jSL, JUl iP oM U*iJl aXjI^AI Aplk^Ntj P in iplk^-l 

Eff=PJP in 

4.^i/jll <t % Eff t(4j^i4 A -y~~jS ~ ) > ~ - *>- J li| 

Eff % = \00PJP m 

(9-8) U**4 

L* .W 800 .(6 8) (8-8) a3L.^ U <J$ .!>■ 

(9-8) J* 

* 

!IajL» OwLaII il 

Eff % = mpjp m 
Eff % = 100 x 700/800 
= 87.5 tflil 

UJup Oy*U OyJjj (8-8) aJL-AI 3 k^-xJ! o d\ OOjt J IjT'j j oL C~ Pj 131 

.<jliL 88 J»i -sj-^ ji' pi j 





Ju?L~~J 4 1 ? ■ «» I 4-j'w^ ^Js- ‘ ** ■ *^r ' lij 0 — L^r 4j ^ .7, i.l ^ , b j ^ j*£l)\ •\*S' ■ /. . li I.X^ .^1 i ■ I f 1 ' ^ 4. 

.^i^Ji 4,,U 3 0 ^ j-* <j ji Ljp 

yJl o14l cm/s 30 ipj— ^ ^4 SjL~Ji £>-1 y $.LjI Jj 3 jJ-*^ vi-ol>* c^jl>- aJI ii J .1 

/y* JS"* jjj ,cm/s 40 aPj-— h oL4tj li tuiJJJ jlSl* ^ 5 ojL— Jl cJlS^ 

a^t 5T >i jt /'Ju- ? r !ok^Mi jj r iku ajKji 4r >i v-r ^ u t kg 1,000 ovjU^' 

. jJJ L^Aj I A^Jjl .AaPIa^ 

JU^JI oULj tkg*m/s 700 (a) 
.j>yJ\ al4b tkg*m/s 100 (b) 

• 3 >J' JU-iJl dUb tkg # m/s 500 (c) 





iiJLiilt oUt 


IJl* ^s- JjU-^sU iJIS' oUjLc* Jjtjj V (d) 

i_j j^> Jv»U- .2 

.i*LA\j (a) 

jL-Jlj ijAj Jl (b) 

.ip J~i\ ^[juX J cii^il J 4^jJl (C) 

.ip^-Jl ‘O-jJ' (d) 

yl-i *aUj L» .m/s 10.0 ipj— o -j-LM ^Js- jJj — j kg 82.0 «b5" U-ji-* 01 ^ p\ .3 

•J 820 (a) 

•J 410 (b) 

.J 10 4 x 8.20 (c) 

•J 10 3 x 4.10 (d) 

^ U .m/s 2 6.000 £ t) m 4.000 iil-~i **ij kg 10.0 (— •*- A 

?jJJJo fUU <Api\ J^JI i~S 

.J 60.0 (a) 

.J 24.0 (b) 

•J 40.0 (c) 

•J 240 (d) 

i»>jjl Soil) ib£” j^> lil (CiP ^e- iiO 5 yu, y? *j\ yi\ .5 

j^yLp ■/? 6»dl o .i f? ^ ^L. ^1 4a » .. 3 i ^ 4 ' ,4j-3 L& y? 

,aT jJ-i i_vS^ (a) 


.ip^i ^uo. (b) 

•c*^ ( c ) 

•t>*^ (j«J v>i”" (d) 


JUP 4jU jIit-4 ^Uaj <j l4S" jJ-l 4^*5" 4J Uij .6 

.45" 3-^5" -uij N (a) 

.35" ^>> 4^*5*" c£^ V J OU^-Jrl -UjL> V (b) 

.45" jjM oL^ Ax-il l£j£ (c) 

.35" j^A oL 5" 3*-S»l (_£ y4 (d) 

LgJL*t£u aJI ^>-^ 11 (j oLa5\JI ^ oloL-J-l A j>r\ -Up .7 



4Plk^V» j tiil kJl j 4 j r^UJl 


.^iJLP^lT olJj>- jjl A>*^~ij ^ y£ (a) 

. o 4A>- ^J! /^V-C ^ (b) 

oU^I ^ ^ JsS" (C) 

.If^i jf coU^Jl £*■ (d) 

jytS^j A**> ^JAL£ A-LP- .8 


.£J AjUb y>*-^ (a) 

( b ) 

•;v/ £S (c) 

.£? ^ AJtillj jL» (d) 

j*li jUil aS" ^ acjip 3j^ j kg 5,000 a±T yM ji .9 

fli f r Jfc.^ Jx>- Jij fl.SU v»jUil *J /■ Oiji 10.00 SjlI oU il >1 JJ^ Olia- oil 

?<w->jLaU ^jlJI jj& L* . AJliib 5.000 ap j— J <w->jLa]I ^J-^j .ii ^sM ^libb 

.kg # m/s 10 5 x 2.500 (a) 
.kg-m/s 10 4 x 2.500 (b) 
.kg # m/s 2.500 (c) 
.kg-m/s 10 4 x 6.250 (d) 

W c£_^ p-Ur ^ JLp jail? aJ br c^f .10 

p yd rl AP ^ (a) 

(b) 

AS" j>- ol4' (C) 
aIiT (d) 







oJS- Sis llyry ily2~s A^T cCjU^o- j£Li olyy ol\i\ j\ *£* d\ 

^1p Jail^- jl jil jlj <,{£ y*-SH jk ^ i\ jil AiliS^ 01 ^LJb*- ^ j-OJ *0 J>* 

rr V-*-A> ^ J**^ VV u^H CP-* 27 ^ — ii 4i5w-^ 

«h. >_ ■• .?» r ‘■<j«« . . ■ ■ 

otil of ^Ujji]! o j-ikiii 0 ^ ^lil . Zy*~~Jr! Aj JkJf jJs* & ^ ^ S^lil :> j — *> jj g-S* — c 

j\ IJL?r djywi» «Lj y* j\P ^ 0 j&S 

.. i' '.§ : f ^ 'S^itt.’. ? ’-> -; 

S jSoaJI (iiljjM 




Ak2£ SJjJrl AjjJJt Jr! sS& 01 . ap^-j jjJJ wbJ V c^ljOJl 0 y^> 

1-Jbr lyu& oUk^-jirl 0^1 0 J* . l~*sj d-illi jXj f-lOai SjLp t^JL*j*JT. <olp d^tll Oj^s £j—mS*Sj 

c^c jJ ^o- |i L*ll 4 j>w?Ij j\P ao l^tS"" y- j$£> > > *-> of ^ £* ** £ 

dSjt j ^j| oL>~~Jr1 ^ jj5"1 oljOil ^|>-b C-jLpI yaJl 0 . L$ .^a) ol < » ! y,^„„.,^*i 

Ax] ai j-Ll** tA>tj^e-vaJl <w->*».^1j Uliajlj OjJLll y t j* <S y~* llw-jiil jyu^j b*k*»*1 ji ,C*>I ^ 

^3l ol jjJl 0? JS ^UIp J^> , i _yyS\ y (J j£~m* <^j**~*£ 0*1 ,.*ll 

2 ^ ^ ^ ^ "^i ' 1 ?" £ r ’ C; A S t '-'"^ 1 ' J’ > ff < 

jlj t oUj^r U jjJj j oU, ^ l oJuft 01 j t oUw* LUi 0 jSjff i4 \y$>* 
• yj<± J js^p\ ^ja*^\jis aL^LJI 01j 4s £ Lftil £jA 



Ljy^a . Jlj tf.lil5^ ^1 jil iJi jA J y S^lil Jl; a f.1 OUit 

LoJjl — Lfr.~ d > — d^lil {j^ 1$ « 0 .*J ( jP jll dO-A ,,, 1 ^ . O^t— *il J 

# _! 1 w 

oJLa ^1 jll oJLi Oj^j Ajf oJLAxil (w^jL3*«ji]I {.I y?\ 0 JA g>- J— iljVl jyljj-— ijl ^.i*U 

. V y oU _— J r jl o-u^^ J»Lct j* dj^sj oJlS^ lij Jaii iSwWdl cAS _jLJl 




: J jSn 


-X>ry 4^ yJl ^>- . lA_fl> J L .5. H . T ^LflJL>- ^JL* y* ^yUl IJLj 01 JJ ^Jj C- 4 j j * 

L* y-A*l Oy^vJ LL-£ c£^L* -L>r-y y^A .f.LJL*Jl Lg-oAiu y ^Jl f.L-S»Sll jj A jy S3l 

^>- g-Uaflll <jL«-pl jw J ^i5""ly ^25*1 4j y oypr I j yjai L*JLp yu^ly yw^l oL^ J.-> » : ^ 

Jdi y bli tc p1 Ju/i\ rr ^ r \ J-iT u ^y>-y <Jl>* L? ^ $ fl l l A*h*^ O^^flJl o>Xa 

JjS/1 ^ -*■^^ ■^ -1 y* L* bl 4 f.ly»rl ^1 jl^V^lj OlS"" bl 4y^Jy ^Oy^ 2 ' } (J>i 

? j A-*p ^Lp *L*-wmjIL» L* aIiS"" o^L* SjliS^ 0 bl>» j V jA*& l«ai 4)3 a > yh ^jjh y^yArl 

5 yn- y y L* JS" LaJJaL* pJju ^ Jl 5 . yJJl iJii p-**LA-lj <3 yiO cyl yArl :>L£| LlJLp yLj l^yc* oJUjJ 

.o^lil yp ** j** y^-*»ll Cj* <s*“ Oy^j ^ • iblll yp 4^1 hJ 

j*a\jxl\ 

L$JLaj f .0-ibJU 4 j j jJl 4 j JaA\ JjL-vaj oilil £^y> j£. 4l^» p-i ^y* 1 1900 fL*Jl 

-LaIhj yucJl J Ijj V y>M 4 j ^J aj y>» ( J-Aa>l ^J^-Ou oilil .ii yL- 4 jjAJ1 4j ^JaJl ^ yJJ . LL*_P £~*Arl 

.L»li \sS £ jb OjJ-fllHj aJj J ly ^fj j^I^a <blll jb 

{£ J>r tLfl>-^f .y+^LxJb AH>;l-ali (J A^L-'yi iljll y Lfllli^ Ipy 92 ^LAhJI Jji — S-l 

* 

djjJl jJbyA .0 j*1+~a oJlft cJ*Li^5^'yi A-jl j>r\ Jly 'y .LpljLtf* ^s^Lxil y Jbjil ^.;ya " 

^jy*xJJ^o A^pljw? ^vsLp ApL-^aj OjJJl < ^I^Lr^C jL^-^1 ^yaxj 3 Ly^Jrf <SjI& LJ^T 

.A-JtL*L> Li I l^;p J yflj jl ySvX A? j ^ip cAjuJaJl A$ LfliJbrl y 


Jjjfl jA JU2U& j£ 

(J *>L?Lfc U*>LiS-l OJL>rJ jl OjJlJI (J OUfljail ^JcAl .Lkjb Ajalli£ Ajjjbj>xii j ^Lnil oIjA 01 

.^aJI y^rjyi)! ^JLp ^jiLjnjl \ y*-AU» LL->lj ^y-jnil ctb ^ 

y y>T j <»Juaj J .jJJi Cj)?^ <- r-y **■ > tO-lnil (iL-^ 9 ) >X~*£'\j j)l 1 A-. - *- -.j 

tU^Jl Jj tU* O^Ss .^1 Or 4 y>- <3 ^ <j — &y ^^5 — ^Jl <0 ^*— — ^ ^ 

14} Oyl y cAijj y^C V jlp .O^UiJl 3jl >1 J A^l J l *li A^_iJ U4 __Jl. j 

OUj^Ij O^f lJL»r Aiiili^- ^1 jil oJLft .Ojyll {j OLjjLfll* L^j tAJ A>oIj V L^^LT j 

yp^l aAj ijalll oL*^»-*Arl Ajail^ ^IJLpI ( y 

OjJi>»j 01 AjjAJI AyJl 3 cJuiiaJl jjAcU y^JT ^ySlj AjuJaJl 3 y^Sl' Ajj>Sfl y jy — ^ J^- j — j 

.^lil U ^11 U. .JflJl j \jS Li^l 


51 Jilt 


AjLjiSlil L^L^-ww jA -I y* y^py dl yjl 0 .51 yJi yA AJJ yA j-s^**^l ^^3 *J ^AJl OjAJl f.J ?r 01 

* ^ 

AJj>x-0 0 yjyA' dALc y^sJj tU jAj aJL^JI oLi j yyllj oUyyyJJ .OyyjAly 0 y Jyil L^y U — >r 

,Aj>*-i OyyLili L»yj 4 aALj ^ 5" 



CJ 


yt i y tO LflJjJj ^j)fl « < *■» > V 1 -^ “ >r 0 j^A — — *& y 3l 0 } 

SjbS'" . j>-~\ Oyjji tS^ Ifl*"*’ ^A Oyjy ^ tA*>fj> <l>w 

of y^t y*1 ^LJLaJI ^ k»** J-a> -L^f 0 _^~Jl 2 jb*- (J y*-T Oyjy c^l 3liS"" Oj^-Jl 5 — Jl>- 3 

^>L5^ L....C Uf ^ OJUij tUllp ^yLLl 1 -L* j J*Sn t<AjUai* oU yj^ — !l 

tA****Jl oijjjtiJl c— i <j S^bjJl oJLa ^ .(^ jv2-> ap I^ju {£j* aIsS' oL- — i-l 

* 

. UL*-^/ tlXii 

l)^ <j^£. ^ Nj tA *- u ^ L ? ^iJi^^f A-ili"" 3JL5"" *i <J ~-Jj Lj y Jj>4 0 yjjJl V Uj — *> 

y . l 3 ^U^ 4jlJ^ ol! yjjJt .ojtil ^Jlp o i-i^ljjjlj <3 O^^j 01 <*i^U yjj^^ y* 

i yA Aa*JL» L 4 JL>-lJ ^Jl 3JL ^iaJlj oL) yj^Jl 4 a*JL« jIJjL* j — >*(l 01 c— «jal — -0 

lilllst 3 j^LJ 1 4^*3 1 C^ljjJLS^ l 0 ./at> £* A»jy^ C-jLi yjjJl 0 J v^.^r — jSwJl 

o yt-iJi < 3 y^-*^ y?j^i sJUaii on y_jy3i ^ ^ y*o> y*^- hz ** bj .^y?j^/i o iiJri Ja*- <j 

.{.I yU a^?L^> ^J l 3 y^ L*5^ Aj y^l 


clSJ 4 *^ 

Ai>*-i ol)j J :.‘..LI ^ .0 yjj>3l t^SCJLc ^il y* ^JuaIo 31 : — *£ djj — ^iil dJ — U. 

t frL^fll) 3 ^ <Aj ^ t_y^ .oli yjjJ^" 3jLiS^ ^^5" 

1 ~ « ^** 4j| . a 3 »♦ ^ J5 (_^_^~ o^y ««li <_Av^ ^*-L .lLJ-J-^^ < r ■ « w^I Ij^ y 3) 0^ t 

Ojy*, 500.000 Jiy- lLLjJ ^Lw* cg-L/adll 3 L^j 5^ yj tOjyJ o _^JL> iJaJj toUjyjJl < j„_4 

3uiJ^ 45 -bu ^iXj-0 (J a^ j yj j^yJ 250.000 3 aJ^ 30 *^aj Jju jJ — -*j .3^ — 5 ^ 15 »a wj 

^jy^ 125.000 

|1 ajS/ O Lj} .oij-Ol j o j£j L»Jllp < y* J oJ-« c-UJi olijyJl ^]ai«J 
Va W J? Jiip < j-*j3^ (J oJii ,_y-J 0^ Uiajf oUjy-Jl .L^i yu LS o^Lll 0 

ojlil jLg-J L*JLp_j t0jt-5sJ^ jb^jiji JLip OjJi <0 ->Jl £ L^Qajtj £-* c^Ljyjjl ^ 

.Ojyyll jA oJlft 4 J L. OL-J ^tJLJl 0} I jjjO aOLiJj 

Jxui jSfl j«^U*A 


4j} .cl^Ujy*> O^Lp Jl>-^J V ^JaAi JL^ij Oyjji ( y* 4j|y 0 ^0“j t^jOr Jj J-jtl U ... j-^Ji3l 

t * * t * 

tOy^ 1 Jl>-1j UjyJ jL>-S/i (j^ 0 . <3 u ^y OJULr JLi .j^^il 3 ^ y- 1 ^ j ^ . ,:»lt 

3 *0-^ o yUaJl yf ciJL3 yjjj ^ 

^yO' 



hJj£A\ oUl 


yjj- ^ J * .^jJAl y* <j o ^l£Jl j+a.* n . \ \ 

. £*-***J la .A^jla^Jl OwL& ^ SjljflJi ^^2JU J t ^ «**»a^wJt ^ ^Jl& Cj^ r ^prJL) 

4-P ^il 4 j jb’xiJj'VI OjJiil y P Uiaj! a!jJ— A l £ L»JJ yi jl £t*Jj*)/ij AwL^jdl dJlA ^ PJJ 

.4-jijPrjjJLil aLjsJJ 


JJxll 

. * <* 

aI>1*jl* c^l* j . l) ^SJ l y laic aLL*ju oij yjj^\ 0 ^SJ cAijJji-l ajjJJI aj^,, j^ll l ajj 

. ai> jjb j.^uJ t tiJJi t j./a:.w,ll Sf^j 3 ojI yjy$\ sJlc* ^Jic ^JJlj cO-i/^ jUaJI ^^Laj .l*ajl 

oljliM ^ aJj^ ^|pLa!j oA*a>- jJjca j-®j c^u tJJi jjt oli yjy 4j^Aj tiJULc. (^wL— Jl j^a — i*Jl 

Aj^j AjI^j ciJLLc j-sa'.C' (£ I i ( j+S'\jLA ^oljjjjj^j Aj*)\j ^ ^iJLilC. .jj L5\Jl jf 

ctJULc . J^Ajca Uiaj^ jjbj jjb oij j jj A>u j' tilbr. c£-^ .^jJlJJI Oj^j jt <w->- oU yjy 

JJlP .itajl t^lp J^JLo .AJl£ t A jc^ LtAiC.J cAjijj (j olijJjjJ Al*w j^j ^s]\ 

tUlp bji bJLP ^iJLLc j-*s>L Jtil l) j>J iJU .Lsiajl oIj j^-Jl ^ JLP ^I^Jj CdjJ — II o\ J — I (J ol yjy ll 

a^Lv^j dJjU -Xi j Lc.j .j ( jioJi>^\ ^AjJl oii ^jA 4iliS" 

• L? ^^- 4> C.jgj-^J li> 5L\jf 4jt]flLAj 

o->i ji dr 4 ^ 0y y jy. a 3L/?^ L« *< I j — 5 

/> dAJ J l» ,jy ^jL*o L&^ap 

43r^ J5" (^JJ*ij (^] j< /3 « P “ < ** i .dwL— ^ ■* 

J jU- aJLjJ! ^P j L« Jl*jI AjLkjJl l)U iiJJi y* J%-P J! t jpr 

Jj j^- (j ^J>LkP^ o Jbii 0^5" t jJlJj — j — aJI 5j — ^UJ l aj; — aj^i 3 j ^ — jL^jU 

JT L«^ l-bi i y>*s>nJj ji .(79 <w^Aj ^1 (28 c£j*^ J^) /j^ 

<S j* Aj j-U^ JjLiJl jlpM J-LP t^jj jJU*}\ 0 jaH oLljuj! ^ ?- j a^l ^5fwi — j ^ 

0 Cj^ ljw*Jl IS^ Ow l . . A J 

• ^ 0 J ^^ r 

tjj^i ipliJi y j^>\l3tS\ $.1^1 £A (3^J AJjpi' (1— 9) j~~ J 

.<iJUj! ^ pUil J Aj jjA\ jliJl 3 y*[*}\ <J Aw-LaJI aJLw^JI j y ^ilj 

jiUiill 

^jip J&S\ j^k j l« ^a-p ol ji j oUj^lJI jj — p j 1*~i ot j—1 >o: 

il*Xpl ^lwP*bfl l^J^-A C l j j I 

.A-Lj*l! olil f y* j«/7‘*n\ 1 yijsJ l-3*>UpI 




(j A t >lTl J 4^-iaiVI <“»■»■; l^J AjJJ-a 4 jjLa£ 31 Jn-l\ 13 11 '{^~ 9) 

Ajjill jl^&S/i cl)l j AjjI j*^U«JI t l. jIjSJI AjIj£ <j* j LS^) 118 Jl 1 (j* 4j j-lil 

117 J 115 jl 113 


<$jiB JJ*JI 

^UkjSlI >jll 


89 

Ac 


13 

A1 

^ Jj*' a \1 

95 

Am 


51 

Sb 

jjauj! 

18 

Ar 

UJ^J 

33 

As 


85 

At 


56 

Ba 

(‘-WjW 

97 

Bk 


4 

Be 


83 

Bi 


107 

Bh 


5 

B 

UJJJi 

35 

Br 


48 

Cd 


20 

Ca 


98 

Cf 


6 

c 

UJij£ 

58 

Ce 


55 

Cs 


17 

Cl 

JJ* 

24 

Cr 


27 

Co 

CiUj jS 

29 

Cu 

cA^ 

96 

r 

Cm 


105 

Db 




ajoJUi tbjjjJt : J «_4Jl 


tfjj H AteJI 


fL*\ 

66 

Dy 


99 

Es 

* - »* t 

68 

Er 


63 

Eu 


100 

Fm 


9 

F 

Jjii 

87 

Fr 


64 

Gd 

^ jolJ 

31 

Ga 


32 

Ge 


79 

Au 


72 

Hf 


108 

Hs 


2 

He 


67 

Ho 


1 

H 

U&JJ^ 

49 

In 

! 

53 

I 


77 

Ir 


26 

Fe 


36 

Kr 

oytiJ> 

57 

La 

^tuV 

103 

Lw J Lr 


82 

Pb 

^L-a j 

3 

Li 


71 

Lu 


12 

Mg 

fjO*"-* 

25 

Mn 

jjuiix 

109 

Mt 





jfi 

jidl 1ft H ^yytl 

101 

Md 


80 

Hg 

<3Aj 

42 

Mo 


60 

Nd 


10 

Ne 

OA 

93 

Np 


28 

Ni 

JfLij 

41 

Nb 


7 

N 

(iAjjA) °jJ 

102 

No 

rAiA 

76 

Os 


8 

0 

^1% ih^jI 

46 

Pd 


15 

P 

jAA 

78 

Pt 

uiSW 

94 

Pu 

fAAA 

84 

Po 


19 

K 

f_*?*A>* 

59 

Pr 


61 

Pm 


91 

Pa 


88 

Ra 

fAj 

86 

Rn 

UJ al J 

75 

Re 

fjwj 

45 

Rh 

fAjj 

37 

Rb 


44 

Ru 


104 

Rf 

<»AjAAjj 

62 

Sm 


21 

Sc 




SiO-liJl frbjj Jt : J jSl c-itJl 



(/'Vi* 1 ' 


106 

Sg 


34 

Se 

fjju'j"' 

14 

Si 


47 

Ag 

A ^ 

11 

Na 

?y?y^= 

38 

Sr 


16 

s 

lLu^SA\ 

73 

Ta 


43 

Tc 

?jy±£y 

52 

Te 


65 

Tb 


81 

T1 


90 

Th 

?yjy 

69 

Tm 

(*jA£ 

50 

Sn 


22 

Ti 


74 

W 


112 

Uub 


116 

Uuh 

f Vl Jj 

110 

Uun 


118 

Uuo 


114 

Quq 


111 

Uuu 


92 

U 

?y$jy 

23 

V 


54 

Xe 

uAj 

70 

Yb 


39 

Y 


30 

Zn 


40 

Zr 

fJifAxj 




3alU oL-jt J-AiJl 


tjjiaj U> .inJaJi 3 S;>Ip ^y-y ^ 2 - LP J^i O^-jj 

.AiiliT j dUOS" j c aLS" j Jl j^aJL*]! ol^j 3 oL j^iJl :>op ^ju ^p gz — j 

.<JJLtJl (jyrjjjdlt OyjjS\ 3i j! Ojj^J* ^ip AjIjj y^~ <jy>rjj*LAl — £--L OJ 1 

aj\jj 3 a3L/?1 c^Uj^lJ aT^L dlic ^JJl y jLib 3 c£3i ^jSL^Jl 

.AjjJJl 4j>xJL*Sn 3 ^JL>tl**Jj 4 ji^-«J| ^ ^iL jLi 4 

jl SildlS" jl*j l y*j 0j> «u j^Svjiii! *}L*p j^\* l>\ ol^j y oUj^lJI ^ ^L3 OJ 

dL^JT N .(*Lp (J^-i-l aJLJI AiUaJ' $-LjJ 3 J***i <j> JljJ ^1 lg-^ij toL jjjj3 

y\>^> j£\ aL A i* Lj y£ AjU»L 78 <d- ^ L LjJL A^L~*j 3>-L 0^ 

•Oy^Xr^ c£^ 3 oLj^l3 


ajj^i *m 

oU^jjjJl ^JLP Lj jAj (^jOJl ^jj-^ OL?“S^ ^/a^J 3 4 jj5J| aL^JI ^PJj 

amu 1 01 d~>- t(amu) 4 jjOJ 1 sJL^Ji o'Jb-^j oj>Ip A**^il fi ju& ^Uj .oljJl 3 oLj^ — iJl — pj 

t0 y t J>i 11 Lp yJ+> ji5"Sh jjiaOl Ail .oLjjiJ ai*x dUU. ^OJl 0 ^j ^ vJi j^aj ol^j aLS" 1/12 La^aJL (j^L**j 
oLj^iJl aL 5" jjSvJj t amu 1/12 OjjiO ji O^J j^j 3 S/ ^j jiJl aIi^JI jl .12- C 12 aJ yy* 

. o->L jJ aLT JJLoj 

jiJai ^ydjjOJ AjjJJl SjL^sJl JloJLrj cAjjOJI Lft^lwlpl A^a^ljj ^J^io ^LjOI 

3 CjL^Sy tC 14 cO^J J>^ Ji JiJl ~b*rl^j . j ,M g « n3 l iiJJjJ ya\j>- 

y C 14 01 . jL^i f.LJLp j (jorjJ^j^OJ lJ^>r Lil ajlJLLI oL-A c^j I .O^j^^JI 

A-j Li Lis^j ^ j <|< ^ ** ^ ^ ^gp L a^w I L? L .*<j J i i_ p * I j * p ^*3 C U^.» ca**v» j v? ip 

« J ^ !>* 

0 jj oLT ^il /y»j -Xj JjL /y* iiJUi ^>3 j . 3> j j 

.iuksJli 4^jtlvaJi c<^li> t I~Jj J (jyw ail ^p c3Lxj5^1 

JjLa3' 3 j o'^pLiiilS^ tAillaJl ^31 ^ p Sj^IaII ajjjJI o*>IpLL 1^ 3 

* 

o*!>L«LtLl 3 ~ ajL? Jl tgJj y£- (Sj£j — aJu^sJI ^jA a^aS* ^i-LaJ L»JL ^ 4 aj jjOI ojUaJI ^JLa 4 j 4 aj j JJi 

^jjL-^UjI OjOl 015" .A^UaJl { y* 4jLj A-j^-5" 0i ^i-vail AaJVJIj d^lil A^x>^il flOJs .Olj3l 

Oja aO^Lc« ^1 Jj>«j^L Ai%0l oJift ^L/? 

£ = /wc 2 

Cj ^-^tj 5 jJLAa JpUOI 3 A^i^Jkl AjKji 4l^Jl /WJ 4 J ji-L 4^^) aSIWI j A E 01 <1~ ^ 

# * 

AJLjL ^ 0^-Lj^l5" 90 Lj ^a» ^jU*j ;IAj»t c a^a]I 01 . aJLIL ^ilL ^ j-^ail ap^_ — . 
uy c5j31l JpUOI aK- Ijj AiUaJl j^l ^-31 aj1^3i 0JJ5j .(m 2 /s 2 10 16 x9) ^ 

. a\sam yj* U-^dLS" ^^3^ 



iiJ uUsJt frbjJJt ol,Jl 


Lu-sial^ c4Jj yiii j^CjS\ ^*4^ Ajilfclil pi* j JL>c<JJ IjlliT ljJL*x* jJ.Ull tyjJl £_ ® A . 

I4PyO CAjjjJl aJL^JIj C^jAJl 

http://www. chemicalelements. com/ 

<Jl^L*l y yw*i" iiJLjjj jlS" bl aJL*- 5 ^il I j u* OlJuS^l j 5^ li »Ua J ^ :*j 

.oJ yj*>U J 

( 1 - 9 ) x±u- 

<s 

Ui olijyiJ <LSli a jIp oli y yy AJli iS y£- y i.yy^S' y^j\ ajj l\ j — i jl Jpj :a:l 

<yJJl j+a ax*Jl oiji iJiP y& L* ?0jbJl jA& x*Jl yt> \ * .^yJuA J jJ,] o >1 

.J^Ulil <j 4ilL> tJa^ydJ 


( 1 “ 9 ) J* 

^ . olij yy‘ jIj oli yjy 4 *j j? SjS ^ ^ {y^jx Ijj-* l*i* <y — p ^ 

* * 

. Ajly Jj oUj yy 4^^« v - a.ilp jU] tlp^*-i» yt^jl jjJsLiJl ^cjUJI j*^An\\ C)y>±j 

StjiD ^jIa 

, C^Ujy<Jyf Lil . oli y yjS\ <++S'\ju» 4-jIj 4J>w olic oIa^?t fijUjl 51 y — > Jsu — 5^ 

^ 0 U^Ljipi O^y^J^n ^p-b 


&jj 2 £]yi 

.4— *£""l»c* ^*]aAj jyj^Jl I^Jlc ^jl L*Ur 1-^.^fl) 3 j>*JuJ| <u*jT* ctAJLc. 

ajjL^* j^ikS^ j <^jy^i 2.000 J,} toli yjyJl <lx$*" ^ jJ&j j*-i&\ oli jj — 

Oyjy ^b5f 

<j -jyJliT 5lyJl J5 oli j ySvJ'y 1 5jJJl Oj ^filxlil olj J — )a-Jl — y~\ O -^- — £ 

^<>^7 ^Ua^j 6j-i ^ <$ *Q« calj-Jl J y*- oljlJ^* O'li j yS\J^I y* 1 " cIa?-*^ .A^j^sJI 

jj 5" , *I J j-yalil iJLft yr .^1 — 9) olij y^sj^/l C. . g . .v o- — >- < 

Jl^aA IJL>- 5jLojc« ^iSsJil y J c ajij j* a 5" oli J y^J^I ii j-Jl 5jJ — Jl r- i j — C J5 

t y 4 <51 j Jj-^' y* ci^" A l ? ^ yA <A <.««*.i . . j 

jA 0^ • 4*jyyi^\Jy i 6 * j * * .* *jzj (j o w\_A> ^ ^ P'fcXj . al yJLt 4 ) 2 -^~ 5 £ J — >-b djj — ^ j — *- y 

1 4 jll^ h^Ay^“ US' cd ^.j? )l ^ t, fl > si ) L^JLS^* , al y y^ - -^ aII 

* * fi 

a Jj a jJlj ^y* "yiiJ AyiS 4i ll? jjySsJj c— w^j 5"I b| O-U- li |JL>- l U^a L^j (2 — 9) ^jSs.ts It 

# 

.jS'\ 4ili? JiuJ y>-l 









^SLlall 4jJaA^j>4 » ^iu< 


.Al^xa 


|J AjjIj <sUa U4 J£ (JjIL tSJUaU OUjjjSJVI ^.jJ *( 2 ~ 9 ) JSAll 


:>! jll di-ft . c / 2 *) cj 3 <-£ >>■' J! ^ JUij ^/1 diJi ^4 olJ — J 

. iJbyf£3f (Jjlj^JL iijil ^PJJj .oU j ^SsJ^I JUljl iS j>~ t J - 4 (J ‘- r ‘ "ygj . 4?fbj <Jjf jl (f 

* * * 

lojl.5 f.b j^^Jl £tIiJ .OlijJJjJl Jliili 4 j jLiL» IJb>T Jliljl j\I*U tjl^ J\ Jt- l^SOj 

.D^lil (j C->Ljj^5vJ^1 4^ ^Jj» jl JUljl ^ ;L> jMj 

4-JL*Ji ^itlj IjJ .olijjjjJl ^JjlI Ij jL^. 4 ojJiJl Jj 5 ob j ^jlp 

o^bj 5 jj-* . L5b j ^ aJbl^- djJJl j ^ L»li 



AjoJisli frbjJJl :JjVt oUl 


J-A>- 3 j^T jl 4JUJI 3jl j£-\ jl 4*oil 4iUail ^ aJL*JI ob ji-Al ^sUoJ . OjU Jj x5\J^[l 3 jLv2 Aj jl 

.Ojl jJl Ibjfc ^j^ii toljbJl 3 j3-l ob ^Ijiil (bib*-^ AJuiLi^-) 

^UjjVI 

4o«0^ djJJl fiJiA ^^3 tl* 3j5 j olj jJ jjJl :>jip y> Ji! jl ^5"1 ob jy&'y 1 :>Jip 01 S" 15J 

. 4-Jbx <U>«0< OjbJJ obj^^J^fl a^bj ^bjfljj jJULi 4*?r y> 4>«0< OUj^I^sJ'yi (J^ 2 ^ ^ ( 0*0 • 

L$ y <^ a ll 4H3“! (J 0^^- •Obj^^vJ'^l <3 Ob/taJl jl 3.ibjJl ^\5 nj bl tL^mj ^ysujjl 4 j ^aJ 
015" L*5" c4*~ij j*A’*n\\ ^Jloj £sJbJl J^’*n.\\ j .31 jJl ^Js* Jaii ^iLJ tSjbJl y ob J^fl 

y* j\i53l ^Jp ®^bLl C5 y^~ b*Op . Oy^b lOb j-^5" 4i^?xOJ>,i OjbJl ^Pbj ,4jb^^I^J| OJbjj*, 4 i IS"^ 

. L^*» 0^ y/ 0 3 jbJl <3 ob y jjS\ y> j&\ ob J obl5" 151 . Oj j* S^lll 01 J yb cobjj^/l 

ob j j&S^\ 3bP 015" 151 . Lj>t y> OyVI Oj£> ®jbJl c3 ob y jjJl y* ^Jil obj^ i53^fl o — >15" 151 j 

* 

.lOb g5" Sbjb£ djOJli ob jjjjJ lj 

.3bjbO 40b j-^5" J jA>- 3 bg-*0? j J UP jl 4Jlp Sjl ^>* ob*rjbJ Silll <jy>00 JLp ^jjtlil Obj^ 01 /^5v_C 

OO jl b*lp 4*0»lj tX 4*01 j t^pyc^w-jiiJl <j J* 4*0 *>U bgO 3 4j5r»0 bbajl fiilil J 0^^' ^ 0 — ^ : - 

b* ^jjJi obj^l5sJ^fl j! f jd-^f L$ y jl tob Jjjj^ljl tobjjljdis" 4P ^Jl oJlp aOj^t 4jj5 obk-jA~3r I 40 
jil 01 ^i-1 0 y .» J l oljJbl ^^pboty/ JeLidb UIp c5^ 0>j^^ ^ (-*•*% yi — £-bj 

.4o3rl O^ j^htlilj to jilj 

cob>oJl ^>» jOw 3 ^ Jlp J5LoJ 40b j-^Jl fijl jOJl ,^l^i»l ^jjbJ 4_?r«-0 t//> — // 

«» 

lOnj ob j (Oj^l ©op .^p-loiil ^3 obj^5J'yi ^^ 1 -p ( 0 ^* s-^ o j J — > 

.lOb j-^5" dbjl^-l OjIjJlII j>5"1 4Jj-^-w»j 40b j^^Jl 0->ljloll ^lp ^j^Oo OijJkl 0->lj5Jl ^J-Al> . oljbJl 

JIxj . J_j5"lljb Oj'j U5" c 4iO> 5bi <3 < 0 ^ e b ^5" J-i>- ^Jp ^SbJl Ob — 4 

* * . 

3 j> lOb j-g5" Ibjl^- f.lji>l ^ j t4p ^*0 b^Jj 3 yloil ob J>5J^1 oljbJl (0 y o-^ tcijj^l 01 — *1 

• <0 

,* ^ «* «* e 

0^J 0-bLc bJ ct)bb» .(O^btil J^\ yS' boll^ IjjjaJj bjjl oO o*>jJl <3 b)j^J b3 

Oj^i ^Ipl jSorj tC 14 jaiaJl 0 jS^i JbJbj t^iaJl 4JU.I j5LbJ ^Jlj O ^ ^/bj obj^O 4Jli 

.bjjl b^Jbc^j <Or j-« 40b j-g5" 41>0 fl4> j bf tb^O 

4ibb j 4;p^»0oJl <j ji 4 j 0^1 5^5" ^yyaJ OJ-lbJ 4^-0 j .^bAjj^i 3ibjJ (0 ^irl O^btJl 43 U5" ^|aj 

^bfljjl ^_jbp ^0 OS^btJl oljlp .^UJjNI ^l^jl Ui5" jyS~\j jS" 1 ^-waOJl y* 4bioil x 4* 0»! 

^jip ^bft jotj jyLOjJ*)U obP (Ob^J . ^ma.» 0 . 1 1 ^IaO^I 4ja^ljj 4.; J jfi 0^ 

o'b/b^aj^/1 OJ-55 ^jjc^ .£"1^»^1 j~*S>3 jl 0^1 obi3aJl ^yalC .o^b-^ ol^3 3 b ^ J — -*1 jbO — bl 

. A il 4 j j>jil ^Jl 4>-^il ® jPbJ b* ^lbj>*Job 4^^0 43b-«Jkl — 4«b jJa 





(2-9) AJlu* 

aSIIo (1— 9) aJL-AI (j 1*5"" .UlC ^iyaj O Ji Oji oljj jl L y5^ r — lil 

jl j£i ^ Aj\j cLJIj j $5" ©JuU^ aJ^^ ** y^S ©ji ^ ^y 9 <J5 |*-*d*J l)1 

?LjL oJbU^ (jC^rLJi LdS"" 0 jl ^*^**11 ^j-a ^Jjfc ,^|pLaiJ1 $.LjI Oj^SsJl ^1 JliU 

(2-9) J* 

lij . LjLj^S"" oJU LP 0 ^ dli j AJli A-JL^Sn (j\>«-9-5"" y^\ OjJlJ l)_^j Oi tw-j£ .|». «> 
olj y yy. a*j o j-i j Jji <jv <jjL~dL -LiLodi olj j y^J^\ ^ j>r 

©dls^ J5" ajujI La^Up <3j^ {j* c©l^—_ ll <J$ 

.L'l^ 

(3-9) <1— 

©^i Aa5 tyjj^r i P*yij «i— , > 

?Lj\j j^S"* J^JJbl^- Od^rld! Ijji 0 ji ^£Lc -W 3 *" ^jjd <J,Ldl» 

(3-9) J» 

y* J5^ 0 ^S"" ciliij c aJIx c-j L i j ^ l^Jl 01 ‘t*^ 4aJ^-^ fl*i — * <j 

Cd-bU 2 - c£*b*-l Oj^j jl (j^voJ.1 ^jA .LjLj tjV'kte- ^ y — kj\Jl 

.Aj^Lj>- ^1p L#*IJl>-| 0 Ot 


SjUI) <> SilW 


^UJU-^j ^^nil (j < j*S'\jl* ytoy ,(J?jjdf j(Jq+i.l}!lj ©jJJl ©Ijj ^L*uL>l l-3 yu 

0 jja\\ oLjUxj ji <j LA^jjiaJ <_£ J>r ^Jl JjUiil 0~a.A>«JL*d .(j; 

(j L* jLioM ^ j^r co ji A>JL>»Sf^ . AiUail ^lij'y Ajjlh.t >V! o*>lplidl c^jj 

. JLI y^> 4j jjjddl ojl ^i-1 aj jl^aJiL. >*yi c^jj jJijJl l) yi 11 < 


jiujyi & guUii jikJJvi j jikiisn 

Aj^4 ^jSsJj cA*5»w^>jj (^ilJUbSf ^jJLjj>Jlj jS'^ C^*jiw#l ^Jl AiL-Jl 5ii>V^ ^cJLaj ^ *- 

jl L-jf; . A-J^O b^tiTj 0 jjJl ol^tJ *» . ■ * *J I lj y/3 ll ^ 9)3.1 9 *^l , 1 - ■ —■ 1 yidp t - ^1 Q ll 0 1 y * 

. AjJjLaJ! JjLasII ^ jjaS L tS~ 6 j-^'y* d-^d ^jlllJlj Aij*c* 1? j jJm d^ Ajyy}\ O^AplilJ* 

c AajL^^^^sJI O-j Lk>*_*-nJ ! aJ^I o«A-A ^>A?x1aao , o^aXII oi^j ^3<** * S c^iouAM^'/ ^p j* “ * ‘ a ^ yi 

. La^U-Ju] aJjLa oLp j*m oli AaJ JPr Aj ji OUa ^ olj-iil L-J®diJ j^-SH d>i jotlJlj C A-.^Jg ; jtii J yiJ-lj 

.A&yi* (Jl^dU AiUg o^Ip yj c L >^ ^IpLaj A^*ii3l C)j^j 



ioJ&Jt tUj-ill :JjS' v'Ml 


Sj-ij l-X^S"* ^pLtfj *■“• 0^ ■" ] 4J 1*3 ■ « i £j*2h£ , \Jc}\ ^J^jo ^J>X£- 

jl ^ .4^1 AiJl J ^^V’ -^UJl ^ (^'UkJl J^U^l 4JU j Ui' t^jll ^ 4L> 

jl ,4 jj^jjJI 0j*Xa31 (3 l$j£ ur iL4 Jl ^ _^s 1 "^~ ip ^*-j ^pLa^II 

<* 

\s . *w° ♦■Up AjjjJl aJLiaJI L*5^ 4d ^)a-— Jl ^p ^jL>- Lt j-i> ^Jp-Lai — ll U*>U 

. L»flya*,> £-* ^iliS"" obj bjc* bpb-il il (jc^S’ 


SjLImA SjLaHj SjLaA 

* y * 

^JJ . aJ>U^> SjL* Jis-j> ^^Ip ^^Jaj Aj blja>* U-v-*or Oj^r^J^lj 0 yjjJl ^ J — ^ L)l 

O^^mJlLI .^LsaLI ^ j^-1^ ^ sl.sisli ^A O^j^^JLI *^1 «a L l ^ »«,> b t*l . gjl+aJi) lZ** L*>-+++*-^~ b U^b***-*^ - ! aJLA 

0 jj aIS ^a ^bail 0 ^J^jjJl aIiS”” l)I . Ojj*i y^ (I) ^ ^wkJ^J .si ./all | » *«.» b rl^ <iJ)Uali OyyZ+zfl ^A 

a»J L 0 ajl>wJ b*S*\>t4 y Aj jb — 4 aJL>* <LJIj y? 4j>wi aJj <.^jS\*la 

jJJLc ^ . < jS'\*a y*£. <s j>~\ & y J <jj^x-Jl aIS ^a ^baii aJL ; — *Z (jl .a- — *- jil 

yS. J!sS j tig— b! 0 j^J^I aJLS"" j j^ij j ^Jl i^JULc , aJIj y^ au>w <^1 ^ball <jjj — uJl 'iy Ojj — ^1 
. aJLwwJI aj^x«CmJ a a JJflJ»i a^a I L) Aj^L»-w-4 a*>t ja a *&%+**) O^ %^%***a y^y 

a^lil ^wr ^ljja-ys>l -Up Ail L»jUw>Jt <J Ojij jl c^JL*ii JUU u^Liljj J5 ol ^5 Ji j S^> \ — c.j 

? lg..,^llj uiJi < ^aj lib lj-A .^jjawJl 1 4» g ., ^»> jlX«j LJSU caJ iUlai! — Jrlj 

s > 

J^-io ^Lslail J ^*-4^0*11 A^S*" ^il dilil O’ j j£- .A3lL> (J] d^b ^4 J y>%Sj Jj t(l) _^xll ^y* U^b-w-irl 

aj j yS\ u/>b-Ui)l (j Aijail Lib jjI:.L.;J Aju-^aJ Uij 
£■ = (w + + w_) c 2 

iUail p-~Jrl aIiS" m y C ^1 ^p |^-Jrl aIiT w + j t J ji-L AiUail jA ^ l- 3^^ — J-l 01 vi-- — ?- 

.m 2 /s 2 10 16 x9L j i t i jUj ^jsj IS ^Jl^ ?. j-^Jl gj+ c 2 y tfl ^ ^L^JIj 

J-iiHl ALli jjP SjJfi 

J,1 Aj Jia'S\ j? J \ $ 1.4 l^j a1SS\ J y^Sl^j ;d^Uall dililj d^lil y* AjjL*U« Cj\~S C*> yz ?-\ j— i 

jSLio .A-^?rljil -1 *j oilil yl*J toiUoil d^Vil *1S y* jS\ d^lil a\S cJlS*"j bl .A ilia 

.oLsaII diiil ^ya.nj tdilil aJLS" y* jS\ d^Uoil fi^lil tlS C~)LT j bl C^SIjla 

* 

y* jSs Jl bib y^iy ‘AiLL? ^jSv-j- ^JLp iblil y ^JljiL? j£- ^j^Jl ^jp-Liil 3 — j£ 

aIiSsJI ji ^ ^1 j-sAlp jjaj cU 235 j«a;p ^ ^uJaaj ^i-ij jj .L^i^Lir ^jj ^ ^p ^Jl ^ — Lp 5^1 Ll 

; tl^J jboijl tAjUS" a S ^ibil U^iiiT — >S blj tamu 235 5 — jjJlII 

,ySJL> U-4 (^jJLSl jbtJJj^U A3lia d^b yA ^Jj^>*uil 5 y5 y (jl (J jjAj (jl .d^Lll yA b jS 

. Ajlib 100 jJj j>ull ^ jb tAjjL-JL4 objJl cJb^ lil ca-sUA* a^b— ail — * J — pUj" j 



S^lil LJ I ^J*aa1i 


L j y U-}L- ^jjL«u U-*)L- JiCcj jf y$cr. aj jU Aj«i yL* SJL^o oUa-* a^U-^U aIcj jl j! i^iJaSor 

^yip £?*•£ *LJ-l L)l oUa* 0 U- 0 I 4 y- 4 ^ yCo> Jb-ly .LJuiij 

^SjLuia] 1 Jl jaA £ja^ Jajj <jJ 

jtJ jilj 40 jJbjilj 4 y*aiJlj (J -4 <J^ tlili ? j y$3l <j £*-— J o^Ulail ^1 yll (_£ y ^ 131 L 

O^lkl y^ <_£ jUr* p^at- Jbr y 131) ?0 ^UaL| o^lll y* APyL-^* C~~ Jj O^lil y>« l^jy^ APyCa * 

*)! y>tv^ Ajslla jl_an_flj L ^jC>C*»> AJLjLwmJI l)U 4A*lp ^-U^aJI ACjL**» Jay ft — >c>. J3I cO^LsA It 

y- 4 ap y^iy* tftl y ^Jl Cal ^ty ^ yascJl y- 4 yUa^* ( J$Lio y> JJTLl 4 LcJ .pLft Jlj** Aji . (Jj X*a — j 

y*J Jc* CaJ^I JU j Lilj yJl Ujl y^ <J oLa* 0 L 4 ^ ( CaJLas-y 131 Aji pJLu 4y^Jj .Sil 

olil aJL 5" cJlS^ Jlii 4^Jl-XJl ^y%v«>cJl ^UaJl <j oUa^ oUy oL* <_£l CaJlary yJ .Ca~Lj|y iolilj X — tu 

.gj yaJl Xu Ca yalJlj 4y5*1 

O^Vll j oili.1 y- 4 AjyL-^C- 4 CaL^S" ^jlp kS Lj j£ l)I O^^J y- 4 (jy^^-kiC 4 (yj-^lisJl ^ J j . w 4 l)^ 

ctayJb- yl ^>cJJ JjU yP ylLa Aj j Caljlanjjjl AjJj £Ayi <1)1 S^= y* ijJJ3 j!S^ y) . oLa2 U 

yi*j V 4y^J j .o^Uiail o^lily o^lil yj CaULil c.Uiw-L AAj Jb Aj>- jZ* LuSoT 'y 2iUaii y«a yi^J 
^i5" I yt ^ yj ^Jl CaLLkjJl A^al>- j ;oJL*Jl Cal y3| y>yXI; AjiLcII aJjLw*>U A^LaJ-I Aj j J — a- 1 

.^Ajijlyjl ^y>«jJl) ^y^wJl oLclS" A*iii“l ^Lw^as-'yi 

(4-9) <Slut4 

j- 4 U*Ljl^ jj 4oUiil O^lil y 4 kg 1.00 aIiT y 40^111 y- 4 kg 1.00 aIiT U ^a>-l Lit Jfi > yiJ 

^o^l «/3 * o^L* yl 0^U (_^l ^lS^m ^ft ^Ojydll Ajljail l) . L^ v^i */ 2 *j 

(4-9) <> 

OLjyL-C 4 yui^Jl jV O-iL^a- 4 O^L* yl 0^L* y] I^jl yLJl Jly*j| yp AjL?-'yi ^1^"— i 

2.00 ML^I (j a 1? y>«_dl aJ5sJ| aJL^sJI 4(Jly*Jl y- 4 (Jj'y^ |» ^aJJ A^wClJIj ^y Soiily) 

C — ^^1 £. yLaJ i AP^y« yy-XxlL) c_a ylJ LlP^ . 0y ^ *<^.11 yj I Axy^a ^liAa^JC^I Lc^J>, ^L. 

^ J yJrla E AiWl 131 Jgy~JJ .3.00 X 1 0 § Hl/S 
E = /wc 2 

= 2.00 x (3.00 x 10 8 ) 2 
= 2.00 x 9.00 x 10 16 


= 1.80 x 10 17 J 


y- 4 Aj'y AiiC ^iJ! Uljail y^Jl y^*akl j j*/3> y- 4 y- 4 

Ayk^o j&jcS\ y^Jt 4 y^^j 180 jl 10 17 x 1.80 y^Jl jv^*-J“l <y^*-va ll 

jA aJL^ 4 aJV-u Jio 17 X 1.80 ^JbJla Aliull AiOall 



iiJJukS\ ♦ JjSM 


( 5 - 9 ) < luL 4 

A JjLJI a-iLji* a^L*— 5.5L* JpU; 3 a>xju 11 AiUaJL ^^-*1 • 1 W — 1 J/s lM j%-Lt> 

^Ls^ait SjU flX* ^a L>i W 100 <IP-Uaiwxl ojL^f o4a 

( 5 - 9 ) J * 

tiJJi jl pJL u .A-jliiL J^^rL OjJJL* .yall Apliai^l ^lp (J^^rL OjJJL* 43 IJ 2 JI <U *S* ^ «** $ 

olJi>- jJl aJ^/Jj 7 t^>w? 

J/W = J/ (J/s) = J • (s/J) = s 

olJL>- j!i\ J^Ldl JLP j^s]\ ( . ) qjaw^JI AjaJaJl ^lJb*l~>l U^jI . J lA 

(<LoLftJl iljp^U ^ ^/* 0^\p ^ J^cJLwmJ . ! (^0 { '~r > J* OjL*M AjjLdiL 

L^J ^ s <(W 100) aJa~-!^j — ll ApUal — P 

^Aj £ O-iLjx* OjL* — fi^L* JpUj aJsU-IjJ AJiftlllJ 4 _JlSnJ\ 4ilUil E cW-100 £-L*ail 

^UJJ .J 10 17 X 1.80 


t s = E/P 

= 1.80 X 10 17 /100 

= 1.80 x 10 l7 /10 2 
= 1.80 x 10 15 s 

ajLJ:> 60 j tiiJjjl 3 ajLj 60 ^>rji ^jumJL SjJlL* LL j& ^ Jw* L* ^3j caL jl? 5 x* I — £J 
31,557,600 J^-jj iS^ » U^ j J 365.25 J^- jj j l) 4 ^L- 24. Oj ;apLJI 3 

bl .c^lj^-JL ^-Lyail 4 j g^-jaj /‘yj. ,ajl«J1 3 aJL 10 7 x 3.15576 

t^ = / s /(3. 15576 x 10 7 ) 

= (1.80 x 10 15 )/(3. 15576 x 10 7 ) 

= 0.570 x 10 8 


= 5.70 x 10 7 yr 

i(^ 100,000 Ji v /M J) ^ VX S\ Ji ?*J' yy bl OjJl. 57.0 Lf\ 

.J^-jJl c^LLj ^Js- bL^pl U *}j>A\ aSoJI JSIjj ^\ j 

( 6 ~ 9 ) 4 jLuiA 


fi^lil A^S" c-ldj £* kg 2.00 C^aPUaj" Ji (^CajLJI jdLjJ <j ^ ^ Jpj 

^fi^L^* o^U y o^L* Ja ^Aj^xdsl AiljaJl 5^5" ^a L* .kg 1.00 1 S^Uiail 


( 6 - 9 ) 

.J 10 17 X 1.80 {£\ (3 A > wsi ? jil J l g «««d > fij^>«lil AilJaJl ^ AjI_—wv 



5*lll 

0 

jjJ <ju*ol *4UM l)I ^ {jo <j ^ kg 1.00 — - 

.f-Ulaiil (j O^il ol jJL^Jl ^JL) (j Jj t<w-J ^1? ^pto- J^vU o^lil ^aJ 

cjU£ , jlii 

L5^ 4jjrt*iJl 0 L«jup . oil j ilj L^xxl cL^aaj *_* jl>o of ^v?LjJI ^Ui^j 

ojOj -lpL»jji ^1 p yt^* u. yi5i -L>-1 f.lii jj x*j . L — fi j ^ J f' 

* > t 

. Uill>tJj aJL^.SJI oLT ^ il l-?*VT 4ju-)aJl JL>r jj 


!^J> Jja^ a«J 

0 * > 

4iUaJl { j* 4 a-L/? LfcjUaplj) jLp-S/1 r-J- 4 *UP Cr^J J ^j^) ^ll 

w * * * 

\i*ry* lil • L / an 31 L^yox; ^ ^fL^S' ^J j^UzI £*££■ j*& L*Jl 0*^ oLS"" ^ oAJi 01 — S’" lil 

oljj^irl il^-l Ojl ^jOl fc.«JLn* .4 >*jI ^CJ lPj l0 ^Ul ^CJiP Ijlp 4jJ!fc^lJ| j j'Vi j jjJLil 

<J$ .ojl j^~ y t ^v 5 (3^*^ ^JpLaiH jj>imm .f-llt jti£ W *^ a * i ^*— — * 

Ci^-5^ l ^ »/a*> *j» j *& Lull olji ^l^-l -UP . 4Jbl ^Uo jlJo-O j+a, a) I 0*V ll 

w ^ ^ 

,f.lil f.^J^ Ua-K*w« Uajai^ (3 — 9) ^w?jj . <S^Lb j>- 4J^bJl olwOrl 0 

dlljjjjSil 





.pLall lajuAXa lnln % a ^3~9^ 





JT 0 , Li 4j^^-i,1 ^v^LixJl (_c l ^p 4 L*j I js ^ t d ^ I p o^LaS^^LI 

C-^ f-Lil jj^J . A» jiJl dji y*-j Jaw^g (3 0>ljlp ^^lp jyd*« — — ^1 J * 

f.L* jli^ 4 ^ A*A ^ -I jl l*]l (3 (jf ^?r ISI 4^*1$ LaLjL*^^ ^Jl djl J^~"^ .^jL*^ I %«**& > Ja 3 j~* ^ 

Ij-A ^ Jfrn\ «Ai ^£^^3 . A>*jI jJl ^lUP^j j^JJl ^1*XP ^jP ®jW^ f-^l jl«£^ 4^J«X*/« <3^"*^ 

d j-fc ^--^aj ^ .^lil ol ^Jai Jl^JU^J J>lT ojl j£~\ A>rj$ C- jai£l lii ^JjL^ f-l- 4 (J>] J y*^-? 

.****.** s' 

<>rj5 C~^ b>rj^S Ojl ji-\ b>r j2> C.*^ iA\ iil IJIJl*- jl L?fjj jl |JL«^*JU 4^JJ 4 A-L^? Ol^„ jaiaJl 

.clii Jl*-*7 


lij 4A»l$jJl j .djjia^- (3jjA t-^L^aj j! < v^L*il ^ Aj^I ! aJ^S' b jX*-Zj p — j 9j y \j — j3A 5 — laij 
* 

. l5LfcI>-l l^ji j>r ^jA <Zj y£ «Ai <*£.•* A iillj J j ^1 — £/^ r 33 i ^^ f,\ j£> ^jA A*itS^ A^S" i ~ . a .t. :? . u 1 

4j jA Oswi ly O^Jj dl ju J^>- AjjLP-I <_/= *-). j > jl i j AJ 

! ( ^2^2aJ 1 dJLft <.£Jb-l ^ jA? jA < J^J V .AjLq^ 

JbJbJ-l JjJjM JL>xIj L#JUP IJL^aJl .4_~5”” ^-«JL3 J±\ £jL£ jP f~WaJl 

^1 A-JJ dj^^j ^jP ^^* / 3 4 4^— 3^ A " ^ * , r? p^***- ^ 

bfci jJpLaJ^ <1a>XA. . aiL^-»>» ^Jl j+0 Ll*JI ^jp L«lx <_pJL^ ...a j 4 a^-, Ip $.lj — ; 

. LkjilxJ^l JLP J— Jl ^jp U jjJ ~\ J 

^L> J JT ciJJi Lf,\l\ S y>T JJ j\ — JpIaj' Jjjc* £j ^-J ^ — ^C 

.t_-i S»J 


^Kajj J o^>*4 <iiuk jaI) 

IjLjh- 'yii> ^.lil jCau J 4 oLS" jil jji5" J ^l^-i aJI >^1 <3aJA jl £j^^- 

* 

.jy>r JjwL^Ij (J>1 J « /3 A * i 4 LfbjfS' tUf JJA wLP ,AJly*?-'yi oiji 

jr* jiJaiJi .Jj — j AJ >4 ^1 y»fl di^-C 

J5* S? 

*>L»15" \JU«JLi u-Ajal .^1 J)\ ^y* <~> J!i\j jU^ J5" Jjj*- jJJL- 4_aL ^ ji jyS' ^ jU-^« — * 

^ y>%sS 4^liij f. fi\j\ 1^1 oJjlil jdLi ^ (jjJlSJl j * l/l 6 ) 

AjjUxJ ij \ *\a % d%A*?r A > — i > I j cJ^— $\ Ll 

^ P 4 J AO Ip 5iL>r lj^>- jli ^ jl V - 6 jUaj J * AP^w 2 — _4 (V ~ 12) -laJj 5- ] 2 

f-Lil ^ »(A| y*-^\ dJiJ> a5" jP oji oli 4j jUaj ^ J>tJUvJ \) — Lodi 

jl >( ^j Jj ^iSvJ^fl *>IS*” Jbu^J olpUi UJUP ^ jI+a . C-^l Aitjaj I <» g ( jP ^ A-^xj jU^Ssj 
jlp ^^Lp oLpUaJIj .tjy^-jjJii.1 jlp ^ cJLJl ^^Ip ol — pUaJI 

oLpLaj ■ c^lpLij jl jl .((4-9) jJ^*2*Jl) ^ 



fell! J «aii1 


12-V 



.Cjk JA\ <J Vj^JaJLJ jc. y>m £jS/lj 


w . u 


*LaJ1 :(4 _ 9) 


i* 

^ .yOjy^-i^n — :jj jJjJl ^1 <JjL£ V aXfc i 1 j-L>- (j — ^ 

JbjUa-tt d-ijjj (_£-iJl V 12 »-*-£>■ l>! . ^Js- AjjlJaJl CjUL^ j( ypj^^J'^l — J V Ol — £ 

.Sj>U>- 0 ^Sj <jt y>- y3\_Cj liijj cJlS’* lil A3y» aJL> j^5" ^*Ju^> <*L>1jl^^ l31S’" 

* 

lLLLJIj J5*1j ti* jJ J-a^j (4-9) <j jL$Jrl c-^y bj 

.y*w5"jS/1 <-^-b*- tS j£ ‘-r~* r ^ * J^LillJ L y? J *il 

y> wL>tii .Ljajl ^jl^Jl djLjjf c-^Jl4t ^^3*^ »$-LLl a*A$LLl Li 1 ' * ^JL jf ^ ^ Jb 

43^LJ\ oli" ^il jj .jL^-ll JbJL>* l5 U l- i yfllil jJll^Jl yL*i £* ^ » jj L^ilj S^jty 

4iuJaJl dJLft L-i £4 jL$jJI 3 - Aiajaj jlo..-.ilj uLLL-JI £.L_JxJ yijJl y> aX* JUj y »— j j xJL<s> cJ\^ jA 

• «,Vil J jM' y^^'j 


4£ AJIai yh IajIj 

ySsJT_ ty53j . X>lji> i>L£t y OjSo <_£^ t^lil $(Sj^r Mil* (3—9) JSLiJl £. <>y 

£^jjf (3^ y^x— ■ ^jS/i -X>ry l> LJLp . y» ^iS*1 jf ju ji y> L^a — jI olij J 

O 3^- *(>2 >* L)L^S/i yj j Ji jLio dJLSJJ .y jS\J ^ yir' — iJ 1 

H 2 0 ^Lli tify^r j*ji ^ Jr*" ‘-r* 2 — jj t l )or»— 

(j yst*-.^ jS/l tulji 0 j d-L>-1j (jp* 1 -"- — ^ j^ ^ j j — *- ^ 

eL>*>L l)L>-^/! y*J 3 -L>^jj .0 y* jlL jytu iJ 1 il a ) jL* >-S/^ 

^Lt' *^**s^^ jL^SM 3 L*L*jlaI (^JLll L)jjjSlL jUil ^^pJb . 1 g ,,^#| iJL>^i>» 

.0 3 



iiOeUsJl ftUjgiJ 1 c-»gi 




(p &o cP 


w 


fe) 


aIjLuj j AjL^a (JSoj Cjllijai] ln*nj<a 1^5“ 9) 

.JaAS 4-ia^JajJ l-aIjaV ^)* AjJjUtJI cliljjj^Jl U^Jal . AjJjIc- j 


Cdjl Oobjl UlT .5 j\ J^\ (JLp aS" yU AP ^ JUJjJ .<Ujb A £ j ?- A lb- 3 0>Lj J-! jl 

Lib p-P J\ l 5 1 p j cl-^wL/? jX (3 A-lyail aJLJ-I 3 j .ob AfT ^>- Cobjl 

J5LiJl) £*-lj iiliAj La 5JLjLJ1 aJU -1 3 oLjJr! jJj g .((I -5 -9) J^LiJl) J jji ^ 

^ JoxX j ^ yaa . i i L^Lajtj ^ c aIS - ” Obvil 3 a — I bLl 3 ^Lj A-l — zj .((‘V — 5 - 9) 

caLLJI j cA-Lyail ^L*c>rS/l —5 — 9) ^-^Ij) -L> jJLlI aJLjL- — llj — ll ^L- >-^1 

.^Lll 3 3 ^ 






fa 


? 


JiLio ili~>l iJli ( ^P C~^l til «JL?r isR^iJl 0 jij .Sjj^piaJl -Up J.^a. aJ l l-L» <j J P 

.^L&l SjU j 4 j^^tS/ 1 (1)1 LaJ-P 

4j j jjl 4ll^Jl L« 4ju«c**j olj ^1 p OV 5 ^ Jj *dl Jl ^ 31 j -1 

? j-v^JJtJl iJli 4^*J jtd\ 

amu 7 (a) 
amu 14 (b) 
amu 49 (c) 
,ol> _jl*il «1» Uju-bi N (d) 

jl £t 2 £**J 01 (3 j iOyjjv x | » ; ■“ — ?r *■ -^ t? ■ ~^ — j ,2 

X (**~Jrl 

•^ru* (a) 

.Oj^J (b) 

•^j^! (c) 

.^Uix (d) 

j^SsJ .3 

, d^l^«-XJl {£ y (J$ 03 ^"* $ jAmj+a IS** li^ (a) 

.oljJUl (3 L<*Up 0 j £1 m * a 0 j^sj o- 5^5"" li^ 0 j £1 m »a jS> (b) 

.J^j^iJl aj15" <3 « Jz~~a (c) 

4jlS^ J 0 j 6i+a+a js> (d) 

Jt j\ olji .4 
. oJL>-lj 51 y iijLiJj (a) 

i) jLijj (b) 
.oUj^JVl iljUjj' (C) 

. ii^Li (d) 

[aXs* ijpxauS' j'l 1 5jjJ <L*rjliM <iJaJl J oli j -^Jlp y* 1 — 4 .(3—9) )1 <3 J ^ .5 

? j j ^iSsJL \Jji L^S^jLiJ 

2 (a) 





ijULtell : J jty cjLH 


6(b) 

8 (c) 

10 (d) 

3JjJ' Li 01 ijLL^fcll _ r- »ljiU )/ .6 

.oUyjjJl (a) 
.oUj^Jl (b) 

(c) 

■cS >J' (d) 

j «/3 1 wj I ^ ob i«XP ,*“} 

.j^a jxli j&kJ (a) 

jjjl (b) 

(£ jJUl iJjJl (c) 
.ajjJlJI iSjS\ j Lbf oli JL*-! N !N (d) 

j *15" .8 

.Oj^SsJ^I *15" ^ jj5"t (a) 

. siS" jS\ (b) 

.OjjjjJl 415" ^jA (C) 

^ cy (d) 

* # 
j* l jLp d jiJl dJub .U 16 dilc j 1 1 8 c5 jH UiJip c j y^l Lai 4 JI .9 

-^r*y djA (a) 

. t-JL* jjjl (b) 

j& (c) 

.^_JL^ j^sj (d) 

dJiA l_ 3 yu .oljUl tilii£ Ip^i 92 l-3LJuiS"1 ^ *jjH *j ^J all $. 1 * 1*1 Ijj L*Jjlp .10 

dJb yaJl 


.oLbjlrl (a) 

.oLTJa* (b) 

.ytkJl (c) 

. j^a\jJK Jl) (d) 



SjLaU A^joa\jJ$\ cjVIaJI 


j .5 1 y Cy^~ ^ ^P^ftj ^H^ 4 J jJl oijUaJ-l yj ki* i(ju~Jl cJ^T Jj> £.1 «-L*Jl ■itf?..,.pf 

^]o*j t4j ^laJl oii> Uij . j ifiljJ>/j ifiillj n^fydf j+0 Lp 4*0^ <j— ** 

^ i^fcJlJ! cJT>k>-i ^li 4 j ^ iaJl aJlA . dJj yiil 1 $. ^ )La>» ^1 ^ll "^v»L*Jl" oJLa ^ 

.Siil>- £.L*JlSj! J jjip d-jl5" til) Lj^Jj siJJi J-A-J . C^J jJl djjJj iS^J ^ 

a jf a ^iJl" cJ»U ^ . : . ^ lj £.L-iS[i <J 1^1? 

£ 

1 00 a j-j i^rvj o^iaJ! ^ ^ c.Lk*Ji OlS^ L* *juJJ 

aL»^"\j )J,j*$\ |i UJ^ t aJL*j jJl djUlajLl Jaj . ^i*! 4 jjP ^AjLi <JlsJl£ |i c^jSClj »^ J^r '' : , ^ 3 

j * IllililillL 

dl-k (J t-i ^P tdi-Ji J- 4 1 J .4~jJl)! aA-dUil J Ail yU C*oL* 5 j j~*Jl |||| .Cw;,m£ 

^J-jXpIj Aj J-Laijl <LUjjJl jjp c-fl-Us^ i ^\ j t jP ^-P ji Ipj jj cu3j^-J-J ^J>- aA. «£ . .... sl l ^ ) a ;.. >J 


*Up olJuiS" I cAjtf 5 jA ^i*il Jai A-^JUJl L»~Lp iUJUj j A?ljJ-4 *1*— 

.d^kJJ A^.«^j ^ L**Jl ak^ 01 \ yLuvS^* \ J t^^llP Aajj! ^ y«>m •*? *} ^ii^..,. »«A^ 

SJU^'yi ^2»L*JJ Jayw*o ^J^io f.L#JjJl Lajjt ajL*JJ *L~*L*>I Jm-.ji 

4jLi^) JjLJIj t(e;->l ^lii ^JL ^ Jf p~*Jrb u3 j*Jj jljbfyb Ukl O^lk-I oX* ^^PJo 

-'..”.f"VI ii* i'<ih':'^-'>^% W‘‘ 

4(^UU 




^ yCJ jt c^JP jotll ^ yc; jl lii Lfl Jp uJUaJi U j oilil ^ 

<3 t »/? H j>IXJ ,4-Jlp Oj! y>- Ll^kr j 


i aUU 

>p ., hkW 

— jf cJoi-^l U 


. 42 JL^*>Ulj i^JLLlj Cf-lil AJ J*r '2 J.^lt ^»1 


AjJLlihJl $,UjUl : o\Jl 


M***# SjSii 

cA^UT'l ^Lp JLur'l US" ^-JaJ l*JLP I ill ?4jjj ^jaJl oJL4 Uj-^aX) t, lyg.1 1 ^-Url c£^Jl L* 

131 13li ?lgpljx>l iblpl Lap-'V V <!**«£ 3 jl 3 <j^J — ^ 

' * * _ <* 

3-^U jj>o ?jljJrl <3 jl ^ *bU jJUjij c^3jJ wii jJLiU (.iJUaU tyjjail ^ IjlJi*- c^j 

IaI y 4$liS" aJUaJI ^U^-Sfl J&\ 3 ^>- li-Aj i^ujixj:. j^jli pUi ^jP o jLp tUljJJl 

jU^Sfl ^j^axj 3 C-»l y4l JjiiJ U^" l-fl wawi j!>U /y* 4-JUaJl j*Uor\l V 1311 .^jVl 

jl L$xS3.j UjI ^ujixj:. j^jli pLjai t-3*>UJl 3 jUdl S' ^>w JjuU U3" jl ^ps-jUM g.1 ./a all 3 

l^axj J*>U ja J 

£ o\ y JS" jl .li ^>- L*j oljjJl jy 4 -JLj 1 <„£jaJ 1 3 JljUl I jj* Jp c_-jl U\j 

<U3 ^L—or'^1 Ljb jiUij . aJL* U>wo Lgju^- 4j jj*wJ.l (olSj^i^J^l y* cjLaJslj — o j JLaj ojjJl 

c-jl ^1 4iU* cjlS" Us" .(c^j>r j^»— ^j>r y* jl < JU— l_JU) 4*»)aa) 1 UUdl 5-oljj — *£il oL>« J l, — jl 

^■■Ap 1* Oj«aJ (_}13" ^ j"l^*l^ .^diXfcll 0 y c-»ol^3 lalS" L<^ opA w j 4«*^x»kxJl (3 ft <ll iOi « *« i . . l^l 

. 4jill^ ^^Ul (3 cljL>wJl jl 'yi j-Jlj 4 j^L?“ C-JlS" 131 U <U«jjj o\j oUjj T^^fl 
. jS" jil 0 / y* J&*\ jl 0 / 4 JUJI 4X>fcjJl col jjJl 3 ^ y£~ ^il 4J^Ul 

{ jf&S' 4 jaj * ^ I? «*» d- jJjl^ {{S 3i b i. X ■ *\q*am \ jjjl ^ XaJ 

J^LiJl) iUJl cIj! f. jJj£ (J^ - ^JaUl dU" 13U .^jUSfl j-A j-vaUl iJjft 

jl Jjxcu* c-S" c j^J |3:;* j>p AjV ^JaUl U-a Jp ^^^Ul 4jl cU .((1 — 10) 

djl ^1 jli 3^^ J C4-JU 4Jb>wo 4j j^>*-j^4 LgJU^ C^l ^Jl ^>-\l CjIj^sJI Jl ^-1 ^jl AJ CJ I^JI 

4 JU- 3 ^JaUl c^yajtJl l^jaju 3^^ (^ > ^*' ^JJ3 jl c^j^aUl ^ yU — ^ 

o 43 UJ.I j^^j j c3^"Ul pl*js cXj 13 <^Jp*bfl bijl^^Jl .oljj c o jJLx^w* 

.Aj^IaJI ol 4 JU 3 U" ^ ,cj! ^^J l 

(jjjS^ryi oj^iS 



UjUI ^lU] U j 31 U^jUl 4y Jjj£jyi CjUflail (jj^J ^(l — 10) 

. ^ tW l*>ui^ ^juj^)11 13a) .^lS3kjj 


S^UU : yAUll J-Aflil 


N fU^l J*£ yjJl y-Jl yP 5 ^ yJJ j^JLflj of y£) J cJa,^ ? :)) J -biyj ^ _ 

y* y>- yl ^>-Nl AjlyaJl ^L*o>rMI y> Jb-bdl ^ jUj AaJjJO <j ISlij J5^0o Lfl .,j»j J*>Lp y* 

.*i ytr oijip jf ^air jjiy- jj 

AJIjUI j t j>3l 4*Lli c^LifSI 

^ ^W^lj ^JLii 0] . APyl* JJ 01 A-JjNl A*L^jl ^Lw* a!*S/l O^ljU 1 y < X-C 

,<* r ~*£s\ j^Jl AyS>l>- *>lt* £-LJJ .AiilaJj AlyaJl il ^il y* JbJLuJl (J L^Ji>-'%" yil oijjJLJl 

AI*w L«Jli LA i) j^Sjj Aju\j APyJL* Jui^ri ^Jaj 01 y^-C. ty^J^ ^lp OAJA 

A^ju^jaJl c3 j^)sdi <j ol j jJu JujSLij] JbJji~l5^ il ^II yuu y*JJ .a yaj-j Al~* jf tjjL£ Al*w jl 

aJL^JI |*Lw«^rSll y3»i yatia y^c. .a-l*?xJ> y^Jj a*«pU (J^la ^Jlp ^LarjJlS^ ^lyll u^ 2 — *4 y ~ 

. l^,tf>ww*J A^*l jJl Oa^J jtiM C5^ (J>j^"*l ily* y^axJUw I ^Lj CA*»pL> 0 jiy ^JlP <Jyyaa"*JJ 

tA-kiL^ dytfj Aj j +0 6. A ^ S'* d^O* y«* Ai*P L ** - j * 1 yl .AO-A aJLl*^__j^^\J1 a J < / 3 ll ^1 «*«_.,, , ^ r 1 01 

1 Jfe^' ^yyA*J y^fc***J Z>\ I. a . 1 > Ol a! -/ a Jl ^Lwia^^^/ 1 y> ^ ly> 1 a«-Li . ^^3 i ~> t->J jl 

aJLIS oL aJI^* 1 y» yP jJl ^1 p yJUSj c^lyS/1 a-i-A ^L>r jjl jj — — £sj 01 0j^ 

aiiU c 1 ^' O* c->L-l^jtJ'Vl oJUfcLi* li| ^L?rjJl 5Jjy» 01 y^“- . ojJt^ f.L^-^/1 jl ^J-<kiU ^ L?rjJl 

, 4^NA^Jl ^J^Jo <H|^3^1 L«^-ALw>a^* O^rl^rj L<.*.« ^3 1 Ol yf.. 1 - £, ^1 . i^A-v^ l-f' l5 ® 

fi 

aJjo-j Af y^-C) <w^Qa ia)\j 4 JjLa* Jj jJssJJ ^Aj 15 ^iaJl y*l?*-Jl OJLL-Jl Oj — 

j£\ -L>-1 y fcOJl jyju .(Oy*- 4 -X>- ^1 ^1 p yS/1 yJsLL) . (A*JJ J aJUJLC y^-C) UjOj 

A^Sll ^1 yl y£iL <*L~*£ ^oLfi-v^ 5 ^1 aL A 3 ^ia y^-C y^ J 0>^ OiUil 

A^rjjj y-J Or* ^ A-JjUj AjIjJ j £ I ^yjd^/1 01 .A* ^^J“l Ajly# ^ ^ (L^J yC^ 

ySor Oj^J Or 4 l- 5 !- 4 ^! aa^- oL>rjJb ^ y^iL .c-j a-UIj ^jail yL>«j ll 

.OJUL- (^1 aJj jl AjL3j ^cj LL^3 ^1 aL ^0- j A3 ^ia 

c-^aJJI y^-C .Ojl j ^- 1 yl^ A»L^aJl ^L*or*^/l yauu y ^ AjLli j c4 Jijjj c AOLi — * J^z jJ 

w L oOl^j^ ca aJu^ y* cJs y^-1 ^larjJl j^ai**o ,y\>t^i]\j y ^LaJJ A-ijlij a)IjO l t 
lil .1-^^" yJLll J^ui] .0]*>L^Sll A-wa-«J C^yA ii yyv. 

fi ^ ^ 

AjU tcylS^ jl CyL>tOl jl c^Larjil C^J>w< lil dji^l .A Jjy J^lj 13l?r rt-^y^ JO, 

^ f 

d ^jl A$r j i Am^A^j 1 - a ^ lil LJL ya 1 a ^ ^ ^ ^ ^ ^ & - ■ -*• * 1 - ^ ^^ 1 “ ■ - -* 

.y y>%^M <w> 01 yl ca-Lw^S^^U ^ jas* ^j>«jiilij 

A jL/ilt ^LuaVI SjLui 

A-wft^Ji jJl *l£ ^L- ot-Sfl y* Aj*)L^a j£\ yUaJl ^1— ^“Sfl ya _* j 0} 

.10 J] 1 y oU-jJ j yUaJl ^L^-S/1 (^-iJlj 4 (Mohs) y ® jL^aJI yP jwdLi 






<er iS|l =UUJl ft-^h J^SlI *Upty jLij *JU3l Jjty *U_pSM 

0] .La 4-s^Ui-l a jL^lSl ^IjlpI Mohs tj^y* ^LJL* <J ^L^Lilt ^Ijll (1 — 10) ^4 

N (2) j cLgj> djL*i ^JSI iS j>-\ L- S^L* o^lil (1) ^JLp Ju>s*jj ajL* aJI jL &-\ 

. I ■£*** ji 0J>1» i^\ l*ij i OilLl 

. ,4>- ji\ jjji <pLv? 3 c£ ji? jJ^» JfDail jl) oiilJl jy*J 

^J^jiLkl £jA U -X^- ^jgO-wJ^ *, . J^\ <!■ ■» 1 «/J "3 l l . -XjL A -tM Aj ■ * ’ >’ (mtj» J jdji 

( /j£Lc .^Lllj t j c^-Ur^Jl Jj 4 fiibj £• lil .^^****1 jdrl dJJi £-*j ?(JCajLJ| 

.(_£ ^>-1 oLu*J 414 CjUIp La5j h/all p— «jirl OjL-J Jb LaJli 

^slii^lj t<L*L*jl 4JbM 3 a4jfe 5 jLm 3 ilijJ .Sjl i \ ^il ry* jy^sJl ojL**3 .Map! jJc — J 

* * 

4JL>- 3 l£ p-~Or 4 j] .i^JliJJ lA-^r AJbM tSjl j— — 5 ?r j 3 

l~*U *lLl jlJU- Oj^j i jJl jS ^-5" c(Charon) j jjLa ^Aa — - LS — ^ j — 

.(o-J! y4l) 

> » > 

A^Xyufl o jluill jlj-all Jj-aj) 0 j l > u flll Mohs (^tjSUk t^l — 10) 

SjLaS ojLa ijjLli. <ljla-AJ 


^jin j^d) 


JrUlWll ^Uil 

112 

Uub 


116 

Uuh 


110 

Uun 


118 

Uuo 

fjj&ij i 

114 

Quq 

pjjj&Uji 

111 

Uuu 


92 

U 


23 

V 

?. jjjUU 

54 

Xe 

U-WJ 

70 

Yb 

?jhj& 

39 

Y 

fjiJi 

30 

/ 

Zn 

(&Jl) eLpjSll 

40 ( 

Zr 




fclU) 


l)I *. . (1 — 10) (J^<Ad"l <3 5 j^~lL 1 ^-£“*^S d^il ^jA ^|^3 4jjp£- d^bup ^JLp ^jajl^lj o jL~a 3I ^j^Li 

p-*3 l)^Ssj . 1 ^1 Oib* ^jA <) Jj ul l b^-^-i-jb- I ^jA AP^-^-5^ $ j£z CO j j*S***a 4-*^bp ^jifjJ-f A i 

s* * 

cUJ^ cr J SjL^iii (Mohs) b)l .^4*11 ^ ux ~* jy^ ^Lp dj — ^ ajb~ — » 

^ . <» 0 

.ojL^aJI ^bJ j JjJj>*iJ L»lij| Sj ^ $.LdjJl ~b-V*3l yJfljj 

4oi^ Ailis 

Jl Aili53l (S jt~J L^i .c-~*S4* j ol y£\ ol*l ^P jldsJl :>JtP 43V~kj c-JLa3i p— Jri **(£5 ^ ^ISj 

j\ kg/m 3 ) v&l >db r !>^L (SI) J >dl r lfeJl J ^1^31 ^Uj .^1 a!l__£Ji 

4iliT jbj^ J jb£ did .4 -L*jJI c/ybJ4 J b. U-^ ^-l^ll w oa^j 1 — il .(kg # m‘ 3 
[ q n ./? j j cm 1 A-JtSdl Ajdadll oJLA ui ^>- J jb jj^sJ ^Li J\ j>d-\ O^L* /jA A-*^4« Axjai ds-b ^ L«j 

.^Liil ^Jaj>0 c3 ^ j c3j-«JLdl gj ) £. Laj a*$I J) .i£ji£- ^bd- 4 

Ad*P \ c_- r ^i <idSj> J V^A ^Ju (Cgs) J* - / •*£>** oJb- j ^iaju j — 7 

(cm 3 ) c_^xS0 1 j ol ob»l j*}\ ^jlp aJI .a^LaJI aJ jjJl olJb- jJb 5 ^L- A±li£j! 

.(g*cm“ 3 jf g/cm 3 ) <-^*53/ yJuzi^JL fly* :LlaJ oJb- jJi oIa z\j — Li hi — L\ 

J5Lio ^jj .1.000 c-> ^-> 1 c<w*^i.l ^db ^1 jp j JL^ jj ^1 jp ^ ^Jj^>wd3 

.0.001 ^Ju3b j^>\ < j,£\jla 

.lJbr eJuiS^ L^ajl JbjJ-i .1 Jo? 4jLj5^ 4JUaJl ^L^or-Sf' jb kjJLi ^ — S^L 

A^^d*««-Mj! AibS^ ^U-ji3 . a3^j^* 3«I j» ) i3a.a i yA AiLtS^" 3 1 .l^x^ LamS'' ^ j «* d 

.Ijbfr AjLiS^ c.. >*..! (db^!A-3l jJl .L j^7 bg-L* ap j'..,<^b 

:( 1 - 10 ) aAama 

^*3b IjXaa idiJl oJl* AiU5" b* .0.543 kg b^ d^T j 45.3 cm 3 o^L* ^ aiIp t+^>- ^-4 — i 

, > ^X^MWta^wdb 

(i-io) 

Cgs j ^-=?«j>JL 1 SI b* 4 ^ cC-»lJb-j3l yA ^y*UaJ c T ^**o *>bJJ 4^aj ^P 53Ldl oJ A 

53Ldi od* u .lja:7 .A^ilji* olJl>“ j3l j jl b^* J aIi 5d3 

a1i^3I j j** bJp Ajl ddS^ <J»I tegs ^p 

j\l ^1 ^*3b Aili^ll j] .543 g 5d*3l a1i$^ U.la*^ Si 1,000 -*3b 

Cj^J-S V j caIi^JI /w j cAili^il (J C-JlT Id ^jIp aJL^JI :aU.^ ajL^- aJL^ 

J = w/v 


J= 543/45.3 = 12.0 g/cm 3 


a 3 bi-l oJi-A b5 



4 J..U&J1 frU.jjflil vM' 


.li j I Aj ^1 ^ JjJLj a—aI < .J ^2j ^ 

(2-10) ilLt4 

^j>ip (i— io) ajLmAi ^3 ®^jij^i 4j i*ji r i_ . . .» •>- 1 

.AjIJlJI y» IJjI .(1 — 10) 4jt-~ll ( Jj»- 3 ^Jj 

(2-10) d* 

10 6 jl O^J-* ^14 31 t£l tSI 3i p^rJ-1 Jj ji- OJ — 33 — i 

flja^ y&* 3l CgS <j*lill *-3*4-1 1-1* ( J jj£- cjJJJJ . ^lil 3 i^j^a 

jf c45.3 x 10 6 m 3 p— 4ri j*-a^ J . 10 6 ^wUib ^ ^OaJ jl 10 6 O' <w^£ c SI 

:5 p-*J-l JLp *Jb£jl ^lif of 0^1 biSO: i^UJl ^^JWl ^ jjdl 3 4.53 x 10 -5 m 3 

d = m/v 

= 0.543/(4.53 x 10‘ 5 ) 

= 0.120 x 10 5 
= 1.20 x 10 4 kg/m 3 

,^^-bJl |»^«Jil]l -LlP <L*L& ^UjI 4j*)b ,3} jJJ-bJb l ^-r J t -r J l^^rl 1-XAj 

uaL^II (jdjLjS 

l— $ V 45.3 cm 01 <— ® jaj ol bi^j*, Ob" . ^ 3 a * « a 4 jjjL-—J 1 4 Jb.< 0 »l 01 j * ^ * 3 

4JjlpU jl ^>L«15^ L*^>* ^1 4JULT 0 j5^ ^--*3-1 015*" I3| .ib£l 3l ‘*3' O—* 0 j- 5o 

Ypjali* jl*-^ 4jf Jfi jp\ 

.JjL*' 3 Ca^J j£> 3.j.yall ^L*J»rS|l ^b*«J>-l <£*i Aij ^1? j^LjbJl 

. b»LC *3-1 b» JjP ^JjbOi f" -((1-2-10) ( J^^*3l) frl^J (3 ^b-^l 4* 

j £,LLl yA A>-1^ ,((<»-^ — 2 1 0) <3 J e^bj5^ Oi—_ J^ 

^1 U, ^L? Lil .ol ^iftJLllj 4 j>r jJill AjjJ Oj^j 01 -^ 5 *r y^j^ij <• 1 cm 3 b®^ 

.^JjLwJl ^jUail ^>.m j ^l j y2ZS" V ^Jjb^Jl (3 V^l ^**^*^’1 ( 3 ^*’*^ ^ 01 c _ 1 

AjU^aJI ^LuOh^U SjjaaII <LjjI^J1 

lj \ >1 j J5UI frill ^ ^XaJl 4>U1 (£ j*Si 1 3jAl 01 

. 1 2l^Ji 4ib$3l 4 J oju^' 0U;?- _^aa) 1 ^b5" J aJu* 0 jl lykl 4 j*-j 3 J c-lll *(39°F Jl j3~) 4°C 
ob il^il jtflflL.* J c4°C 0 jl jJ-1 3 frill J 1 J^^l Ax-^Jl aib^Jl o!3 il jll y>y*^ 

a3w\^3l t, . i .fs ll 1 4jb^Jl ^pJLi . 4°C ojl j^- 1 3 frill 3 1 o 4 — ^31 

.^j-^Jl 4ib^J\j Uajf ^frJj‘ J Sp gr J^-OJl LS lfr 0 7 ^al^ Oilp U 1 <AJ ^jail oJj6 



SiUll JLhUS' : j^UJt J-aiJl 

M 



A a ill j 3 jl ^all 

iAjoC <jjOJ !/ULui ^ <ilfr J (1) .l-iL-o ^juia. ^a. <jjjL}S :(2 — 10) (JiJJl 
. JjULj U1S ijjjJu* Ajac. f.lc-j (m) 

pjaji* a1l»S^ ^ ,1 ^>5^ I Li A-oLM l)j^j ^Ijib ~u 5^ LdL> dl^x 

* . * 

i~> y£. ot j)lC aJIS*" y*>j cf.lil (J c-iLajM jiiiJ ^jXlj .j^ull |t !?«■* Lw^l ^iil 
j>S^I oj-of A-j.iL*- U^Uaj J .iljLxilj oLSo j cLftjLkilj ce-^lj^Jl ^ Jaxl l)] .aJI^a 

!<iUi jLl>-*y AjLaS^ Oj^-5"" °jfc£ O-X^rj f-lll j a \* y*> (^-Di ^Lil^L 1 ( yA 

A*5>L>- (1) V . JjLJI f.lil (3 ji)aj ^Libj tl {j* j*-p\ o j . jjf Aj.iL*- $.lU JlJJr c-AJ ^Jait ( j — 4 
J o-A-*-**il! olj\j»x3l ^ ^i*-*JL .iLLc**^ lij .ajI-xJI <3 L£ a-^1 o-La -A- — li-' 

^ .^U! ^Uil J JjUT J^*; JUblr! aL> oSf Uaiil jkLilj aJ-Xi*U jtbil J *LiJu-J' 

£\ y a+*M . g. L xJLJ 1 £.LLl dM^ox-Jl c3L«-pS t y^yu L^y^i cl j yA -X-b*JJ o3-X^I A*oLi-l *- ** •_ jIS** 

^ -X»J>*J -X>j^ -U-4 A~-~w» C-UjtvJl 4j*rji JtOA>-\ Ojl j>- OUrji (J,J j\ y>S*M L A^S> yu* ^ 

*.L5l alJI o -La <3 «iiLc**y! o .ybaJl (J,| Ji IJuU- 4.i?^aJl o'jOnJl £ty*2J J—/ J Cf.lL' 

Oj^U j j £ J Cc—J-vaJl JlJUrl (^JUl P Oj^U j ^ Li^ 1' 

d — > 15" i y&j')i\ L5^ (J (,_..■» .,<^ It y* . 1 g » - a * Aj J-*Ji] 4JL*]i o-La ^3 A>-Lj-*J^ ^ Lp 

A JA jS\ till jJJr Sjlil A^iUr' 

A ol^Ji ^LuaVI 

A^Lo, ^ . la W -X j-A-C ^jA yS "\ 4 } yfr*~J L^Jax <|<Q ^1 A 1 1 t,rJ 1 1 ^L--OrS/^ -Aj-LC 

.^iTi ^J^io JjU J jJaj J*Uall ij* /^Ss_C aJI NJ c*>Lt« ^iJLL- y» A*jai J j JLC j v ) 



ejUl 


<3 idJuJS Jju J^Uall Jy- C-5"" J y> . 3 j£ (j£Jj£j 3yJ>lil Oy^ JuJS 3 3 j* Xa-jj J 

. a^ X ^ J L l l 4 *Ji>~ 3 4 ji 3 aJUXjf Xaj y> jJ c JLySll aJ^JoJ }j*j 

jl ^wUJJ xyp ^y> j*l wUj aJU?^I U^UjI Jl ydl UjJLaJ i\Jcj»\ ^ a:>lil 01 

43 ytll 5 j jjll jl . 4 .yi>«J^ 4 j jj£. ^-U^Jlj ( 4 JIp 4 jyyT. J^Uall Cc-Aj ytlil Ixi La 3 jj .JaiXaJl 

^L~-J X*i ..<?■>■ 4-c^S" C— »*.Jj (a.ilil ^moj vLT yP joJ l£j) jj 4jjy* Jail ai £ 

cP O^J tc£^XP Jaja>ti liij 4 jjJl 0 jiyu UL >-1 j 4 jjJl wbJL^- f.L*l*Jl £^jal+~j .(li iJL^- ^ Jj 

jl l*Jl (J ^ y* JS-^ jl ^ y* <oi-* X^ry N 4jL J jaJI yX^rl ^y* . Ua oJ-lx* 

. U J)oj OiiJi *' 4 (^jU-jLg-Jl jjcJLi -1 (jy^A ^•jA *>IS" 01 \^euA^-\ 

(JjS\ ^X»*»*jl XX. ^^LmJlIlI Oy^lXJl o>A ^ ^ ail* 4 j jA a^i> X^p^y 4 1 1 j «tf«il 

c-^ww-Uij I jJ j-£> UjJLoj dJJi ^pXj . I g.lp 4yp jls- a j3 (3^4*1 Xip 4 J j j^> jCj (3^1 Jaiujail (j^X* jl 4 jcJai*-J 
SjJLi. 4 a. tail a y*jl 4L yis> oJl 5 ^ li]l iLX>bj . 4 fl;|ail a jxil £a a^L* i^,\ rjA Xup Jglw >,^il jl ^JLC ( 3 JL* 

lij c ^JkL JgU.,Pg)^flj iJL*Jl j\Saa s j ij j jxJIj 

s-kF 

+ 

jSLiJl ^U*iJl J^jJL XajLJI Xit^aJl 4 jI^ .a^lil ^JLp JUJjij CU)L fc djLp A: 01 

s = kF 

.X^sij 4 a ; lall a jil aL4b 01 j-X£ JgU.Ja.i^flj iJuxil 01 Jl ajLi»*>U 

Oj^nj ^Jl ^l^ll a t^AjiJ-l ^1 UJl J ^ j* ^ — Q 0 — 

43 L>^U c^-JUJl U-Us i] 0 jjU jLipI ^$ 0: c 3 l 5 " JS 4 io 4JUISCJI xljjl y oy L^jy* 

v ’ # ^ # ( e 
. o^lil /y ayl>«il 4 JlL01 j^J>3 jl jvJa^o 0 U*^T lJL?r ay-5^ 4i4ail a jiil dj>J 01 ^ ^1 Ji 

(3-10) AjL- 

xil>- 3 . 5.00N 4 JLp 4 a .Jail a jiil JjLs^ii ^1 1S1 4JL*lSlil 4jjJl y* O ji 4ljj^4 Jalja-4 Jp- jj^aJ 
4 J yU ^-waO JJ"! ^ o XoJo c 5.00 N ay 3 ^ t ^ a > • 1 .00 m 3-t ^ 1 

? 2.00 N 5 y LiJa lil J~U J ^ yft Li . 2.00 m 

(3-10) J* 

JJ -1 01 i y^ OjXS^Li 4 . 1.00 m Ia j 1 j-a» (J^jo^l <3 d ^j 5.00 N 1 $ «*< *> oji 3 ^ : ^ a > ^ 

^PJj ^JJl cA^ CUjUJI tyL-Mj?- Ll^Lc O-UxJ . 5.00 N a yatl jjlasfclJ ^1 lil 'j 4 ^ — j 0 j— • 

<> 

:SJLLJl i»u^jJl t_-J y Silpl y. (m/N) jj y-JL> yil; IjJi. i.^^AjUI <j~>Ij 

s=kF 

k-s/F 

k = ( 1 .00 m)/( 5 .00 N) = 0.200 m/N 



SiUli JL-L-ty : y>Uh 


5 yti Wj'yi £~a; tl iAJJJ ,F< 5.00 N M 

5 = 0.200 F 
alT lib F = 2.00 N au 
5 = 0.200 m/N X 2.00 N = 0.400 m 

< Jf*JU ^USlI J >)l at Uj .2.00N * J> jJ*J -l* JJ-l tsJJl dUV J jW 4_iJ 

. 1.00 m + 0.400 m = 1.400 m »^Jl -u< J jkJl jj£_* <1.00 m j* Oji 

. 1 .40 m £-*^aJ jjjJjJlj Ijl* LlJLp \j ^ iaj 
U> j* - j iNS.OOj 0 0^ ^ tfji ol4 t^kljail jj 

5ju*L)tdt t <J 4X-J jlp ^ -krf.5^ aJ\ .(3-10) i3 I — 

J c^Uail JJ4 IJJ* SjjJlI ^UtfpOl Uijj ;5.00 N tf-kll 3 UJ ojjU til 

*L cJlT laj .L)a>- Wall o jjill £?Lj oL 4JLkV^ <_£l bjjd Q J. *>o 

dt^&4 j 1 «■ * - - ^ 4|%- v^ y*>* ^"1 OLi &jq ■ ^** /** ^ 6^—4 

j>p (Ji 

^puJL (JjaJl (_]jk 
2.0 

1.8 

1.6 

1.4 

1.2 

1.0 

0 1 2 3 4 5 

jjjJLi g jJ]| 

. La 4 (Jl^ft gJn^ £jlSll .(3“10) aJLuiaII j > rtjj (JllLa ;^3 — 10) 



JilyJI jjU 

t^jS/l .*». .1 ./all jjjaM <j^iv*>L>- JjL~JI j^kil ij ilJL-Ji ilUA-l <j ol — Ll ^1_ 1 c 

JiLJl ykJjj t iJLlll . 4*4 ^LuJl e-L^j aJL>-IjJI £> jil^ij J^LJl j£-i 
aj^4 4 ikt* <— 3 k ■* j.Lp <^J (^Jk < w ll 4^^L5 -, ) ^ ^lLa $ I ^ j ^ 

. 4_j ^ L>r 1-4 yl 4JL> (3 44j 





JjljAJii) jLuudj) 

. Oj& Jor y_ jjjJl 4J»j-P 4JLJl o jSsj j.-.y>- g- I ja3 AJLjL** ^j^- 4 ^lp J* &j >? 5^ 

. JjSfl U L^ -j T * ^jpUii dji-l Jl j >- T JjL* Jb^ol ^ aJIj tb JjL«j jl£ 5 jJrl jl ^31 

j# 

.jLjjjyb dS Jt ^jll A*?l y>rl ^P-iJ .L^JUl^y 3jA-l ^ bfc" 4 0>jll ^c-w2j ( ^>- b g jawj ^ j%*LJl ^jXC 

j*Z*zJ . {£ j>-\ JjI ^ ^ j +* I Jj| j— Jl .b Ip g. Ja_^ JjLJI jLi il oJ £ 

olS" j^-l c-jj 3 JjiJl olSj^-l o«j j jUuiJl ^ f^^v-l JSJju 4 j yj| 5jl ^>- b?-j.s (3 3 J j >«^Jl 

£-* JpI-al> b5" b ^ ^axj U L ^5" I^^JLpIa) ^-Lp aJoj j-**) (_£l -Up ,uu- ,<a?M 

4j>-U“I Oji jJJj c£a- 1^; .^*b-l f.lfi'j J>IS^ (j bjali* AjLg-Jl (j £tJjil £-~va ^Sll 

olio jJrl a J ia ^ilaj j ^baj ^JjujJIj aS' j ^~ I aJLA e,.-^»J j caS^ ^>- aJL>- 3 bJb JjbJl oUj j^y g.lp jJl 

tA*obrl P A^-LJl £-^jb bl a^3 1 : - y * - I JLp Jig*-* 1 j Aj ^^fclll aj A O-Jj — >r I j i 

.^k-Jl oUb "b^Sfl" JJI^JI £* >-j >ai ol4b J 1 ^^ 1 

S' s 

J^-Oo l^-\3i ^lilj J^tS'Jl ^Jst^Jl jjJ .s-lil £*Ja-^ ^i-P J y*&S\ jd Jal^ 

jl aJLC jl5 ^ ^j>«jJ.I j^\jL*Jl .^t s-J^I ^Jsl«J15^ 

Jjij~Jl AiUS" ^p oJb^i.^ ,ULc aL^Uju jJjLJI AiliT ^>J lil aLjT\j Jja^l j Uii: ^ pi j 


JjI>jJ) AajJJ 

( _r , !' :) ijyj Ail tjy tJ _/ J *- ji <!l j»l»i .(j ^>-S/l JjIj— Jl L / i *i ^ j! < _Jj1_j— it Oj — £J 

AjjL-ws^* A-j^SCj (_£ L-15" Ca*!>L«j ^Jklj 1^15^ Oa*)L« .A3 ^jjl Ojl j>- AjtjJ J Jl ^Ss^w ll 

jl 3 ^a j j*^l j£Lio ^lll i£j£ ^Jl ^t^Jl ^ yc^j ,4^-jJLJI j jjwl^Jl ^jA ^ <zJ\jy£- <l*s* j>\ j? j^wJl 

A*a b- yj? } Jil CjU“l ^ jJl J$ (j yJl jj^j .A3 ^iJl SjI 4j?rj^ 3 jr 4 j^s-wJl ^ 

.^-jb jSljo JjJkl SjI y»“ A>-ji olJ ^jip Jaib- Uu-^J ^ bi jAJij f jJl 3 

^>-L**Jl ^ jl ^JaJjJi) jIaJI j^x. j . jj_v«k-3l ^SLJI I A JjI j--Jl { Ja — *j j j — 

(# 

dJ-A 3^” . I Jb- 4 1(5^*^"-? . -lj «Xj>r j ji? ^Lio^ 4-»y£> -i-LP A3liSjl Jlp *)IjI A*t 

^ya\jL^\ £A jl^Ll dJ-A »./3i .AjbiJ A^^JZ* OjIS^ j} LS^" fi^-pl j\jlitll il j ll 

A.L^ilj aJjL-JI jl jb^l (j^j f< Jjl ^*Jl ^ LiLiJ Jil j Jil Ojl y^~\ A__?rj^ 

l^Jb- j JlJl?t ^1p ^-4^:J Li| ^lil A^iJ V \_4^ . jlil { yj\ — a ^ 

jl <Ja-£' V^j^-b-Jl jLaJI L*JUp aJ.,^11 j 5JJL-JI aJU-I ^Jv»bJl Jaji»l j-L*^ /^j| j>lj 

aJs-a) j jA ^j>J>S'\jj* j ^So J t aJl/? o^b oJla j^/| coA>-lj aJIj Jbu J yi> j t SJjL^ d^lil a j-* j^l ' t J ji 

J^A> Jb^^l 



5*UU : y^Uli 


^1 (JjLuj 

l5 Ip JUJjJ jf ySjT "?4^U> J a]jLm 1 } lil dJufe Jj&" t JlyJl yP cyl J *- 1 «ib Jbr J J V 

Jj J? y^jJl yullj A-^l— - X*S/I jy A* (y^Jl y-*lL> yLj> il jil jW^ y^-C 4yt*- y* 

t.\j>r\ yu . dlyiij d jJioaJl jjy 4*jiyll CiiJJjJ 'yiL* y^jSlI (J L^plil AjLI? jSliJ .J *S/I 

<J y Jbj\5f 4 jl>»L-JI a 1?L*JI L*-Ptll 4 jL 1? ^yuj t iJj^jJf £jla\<aJb JL*S/I Jj J? yyjJl y*il — ; 5 yi< — ail 
s»»-Js y)Jj j JflJ ,(4p\jjJl J 2 c*l . .n il y^?xill J y ^S^lli ^J^eJL^u Jjl y ^*Ii ff.Lp^) 2 y I j ll 

apL* y* yj *- j t(^ y^S/ AiaJ- y* .yiwJl yj%» c^L A^i*j jjI yi yp ysjSfl ^Laj jL> Jjj y J — * 

UkPlil Addk> Js . UkPlil 2jLl? '^JLp Alw» LilSjj 5 yJuiil jJy c^y ^y y * J Apl — Jl 

. JL*S/I Jy*J y*!^ JjI~m 5"" * — ^ j«,.-a >" 4JL*'^1 y-*ai y*lij * y^ort-S^ 

jJLj tJjy^ (10 12 y-j-Ji oUyL yi b£L>- Jic cjLs yU^i L~~jl>I Jj y£ U ^Jbi^ i LJl Jj£ 

Lk5*" A^r-jjlil ^yaji^tJ^ JjL~ 5*" LkPlil 4JLl? e-i ;L> JaJ 4-gj>rj y« lj| .aJIj AitSj *u~* j yJt* jj ^ — * 

jyt-j5 ^yL A-JSvJl L^Ll>- y»JU*J Cjlijli^- ?tw^j jl Ljtjalv-i yl ,Ay«jJl lui yii <Jjul]l ^Jl^-I ^ ^ 

«* * 

J LLP ^yspUrjJl ^U^[l y« ^ y>«-J y* LjLi ^ I^Ap <j yiXv-l <bl5^y bJ ^lil jti cA- — ilill y * 

.IJL>r <lJLp j! CaJL/? dilil dJLfc jl C<U^w 

jli?^[l ^ip Lj 2 jI JL»Jju jl cdjl yM ^JLp d^lil 2jl>- l_4 $S£- ^Jl Aju Jail — *j <jl y — 

.4-i S^lll yjl y ^JJl ^y*jJl 

JjIjmJI 4il!iS 

yJLj Jj aJL^JIj (ZJjjJi &Lt$3lj 6<jb$3f aM^JI :<j J? Jjlyji AjLtS" c-3^ fj 

ef «S 

. aJLojJI cj'y iyi 3 jg.^j A^SsJ J tb Jaj L oL^k^Jl dJL* yj <3 y^il 

tJ*yu” .(kg/m 3 ) il yll» oUl y^yLSJl jjlp ^ju JjL- J l y* «4*i aIL^Ji Sib S3l <Sj *i 

£yl~iJb 2j jya-4 yb$3l 5ili^Jl Jl ^ jL-J j (N/m 3 ) ^ r *£l\ yiU y yJb ^ j Ji 2ili; Sill 

*Slll yib olj jJl o'bfy* ^Jaj Ajj^w^Jrl AilxSsJl t i ytj .(ITl/s 2 ) ^ y* AjLillj ylb ljJLi4 4J Jjl 4 I 

.6.02 x 10 23 s Jy. 1 d\ (mol/m 3 ) 

4Jjyll AiUSJl d w y£ii j yib ^1 yyLSOb) JjL- y* a!LS 3| 2ib — S3l d m ySl^ I 

AllxJl 4lxS" W y^li .(u^oi^il yilj J J>Ij) A-^-^jirl AilxSJl dp y£li J j xib y y Jlj) 

•ft 

Cl ySl*i .A^I*il (J oljjJl o'bf y« xIp Ji<kj y^ij t(«wj^il yi>!»;) ajl!*J| K t^lj— i PjJLSliL 

|4j>y>fcv? AJllil o'y^lxil jli Jljiljj .(j^j y* AJIJillj y^) Aljil aJ ^yai^ (jiJI ^jL*sl)l 

dm = w/F 

= ma/V 

d p = N/V 





4 ^* Li &As>-^' jjdJl 4^o>^*w» j rl 4jli^Jl j c <Lj c <U j JlJI i^_aj jLixJl »..!•>» 7. .. T 

0.001 ) tj*- £j* tj*- j? (1000 cm 3 ) juv** * ^JaJi 3LJI j 

0.001 l£jL*o \^j\ j*i t (cm 3 ) ju-z~~S I j^i cij ^ c£ .(m 3 

#> 

.j^j>t>xij -L^-Li 5 JLs»- 4 jJ 

.t$L*l£j 4 jl**J| 3 4-*Jaxx* JjLJI ^iUS^ ut jiiJ L&'y 4^3.^.^ jl»J L&l 

(4 - 10) 

Vs_*SCil r l > jL&O 5^1 ^ L. .300 kg If JbT .0.275 m 3 JJU j» lie 

(4-10) Ja. 

4j5-b- *y .si ^OaJO la ,.... SUajt. oL^ u^! .iUi 

|t j ■— Aj L ^ I < «^ J> . .. tfl l I.XA ; (^1 jl 1 t 1 ■ t^l . ' | A 

: ( ^<J-I ak&l 

d m - m/V 

= 300 kg/0.257 m 3 
= 1090 kg/m 3 

. <L«L& flijl 4 j^!£j 5U ajc flijl tj^/ Ll& 4^*La flij! 4j>^i 0 ^JUi. 

(5-10) 4i— 

oj^JLlI JJLJl s 4*J iili^Jl ^ U t9.8 1 m/s 2 ,j>j^!' ^Je i-jilJrl j — j 

<?(4-10) JjUil J 

(5-10) Ja. 

IJla .m/s 2 9.81 jJjJLi Ljt _j>- >_4 iJlJ-l »JLe> J *J 1> ^ 01 

IxJaju 

d w = 1090 kg/m 3 x 9.81 m/s 2 
= 10,700 N/m 3 = 1.07 x 10 4 N/m 3 

4 N jJlil jSi\ jJ ^jx^j JUlj cN JJlit j>r^^ <— ■ • ji-\ Oy 3 ^ -ia — 

,4^I*Ji 3 oljjJl o'y Jfi 


JjLluA 

. j^Ul j! ^LlL; <?rjX» 0 Jjjli jl jLl^t ^Jl 4ja-w*lj; OJslp JjLJI 4JI ^ ftj 

Lx* y»-*j l^x,.,..^ ^xl Lxi ytC. (iilij ^jA 4 x-p ^LaI ^ <a > Jb j — J c^j — SsJ j 

4iL^Jl ^jlp' J ^JjLaJI i ^jA 4JLjP .0^0.1 4X^*J 4^ i j^Ji 43 L ^Ll) 



SdUU 


^1 (^jL-o <^iJlj tyyJb Cj^ JS?**^ {j^-^ (J^^j Sr^ .CjlwL>-jli j*X^j dLii^fl £_«JaJb 

.(9.81 m I s 2 ) 4-bbM ^1 yyLSOb IjjJL* 

43 4oJ^Jl 4-#liSC]l d^ /^Svll .^i^JbJl d*X4 4-^a.S' <_£yi ^v^b j y Jbi — J b — PO 

. j b ^> - 1 ! jl ^i^?^-w>^b 4*^<bi ^w. «Ja i. >.wj / C wXJl 4*o*«^ l*X?r ^jb*Jl yA 4 » </ 3 4 < »w) 

jl 4ib-Jl yt J%bjb yib V OIS" bi .y yJb jJbL* "W ©^bll dJLft Ojj 01 y> ^^1 

d„ = w/V 

^ ov itaUil j bu_~i bl .^jibbl ^ ji— J Ji£ a 01 ov — ma O'j 

4> = 7/K 

JLp J-sA^ j— oSHj ylS/1 <-* ihUil J^la oJ~0j 
K=>v4/ W 

# t 
j bob ojbi 01 . 4 j jA^ jiP (7 w j CWJ tF O' yl yil Js- ^JU 4j bui U J — f 

U)J t<bblA-l C5^ bi>J cJSNl ^5^ y»** ^J^l ^ b*ll 

.^jb^iJl f-bbaiJl yA <bj&bl>» (J ' obil' yuu jJ 4$btS3l yauu 

ja jmS ^ laLuall 

V uJJi l lfl^Al ^^xlb £^>*-*3 oXii f.lil lawy? ( j^\-C *b \ jl CjI J3 

<_£l OJ-lAj 01 c lawyall y? yCJj ^JjI j-~Jl b wQaj . JaJcQaJb |»yij \ f.lil 01 ^ — *j 

f.lil law Qo 0Jb^-C c£l «iijb4 01 (j^^- y c jbsAP*^/ jl ObjJaJ y ? yj ^ 

^JLp- lawQaj b* JUP f.lil dJlJjJ (^JJl ^L~_>y 1 bla^-*)^ c5 4xQaj ^j^yOb OJb*. 0u 

.03^/1 o*>Li, 

<» << 

bysajl JaJwaJl .y>jJl b^la c^rla.^ll dA?- y 5 yJl iJ^l ^j!j 1«1 -lai — 0? o *^Ll> 


j^jJl s jib Ji _jJb) JJL~L) vj_^' d w .JiUU *Jj _jJl iiliS3l 

(^j jil jlib /* -laibail '^! -(j^^) C-^ 

P = dj 

i*..ai\ ^r ; .,iai tSJjjj! y. V*b (i— ~*^il fl <3^ m Sili^Jl Ljif-I Ijl 

P = 9.81 d m s 

(6-10) <i-4 

^jUM ^vL-Jl 5 yjil 5 yiJl l« . 1000 kg/m 3 JiLJl tUU slk£jl iili^Jl 0 

?*lil jja-. 1 .00 m j~* ^ till ^ jy^* 1 0.000 cm v J_>1» 



W2s!l dijgill : J jty 


(6-10) J* 

c0. 10000 m jl 1 10.000 cm 43^ Jj4* ol taSr ^J' ^uJ' — * s— — >-1 tV jf 

d^-j -u-jj .0.10000 m x 0.10000 m = 0.010000 m 2 ^Lw* j j£j Jlill j 

.0.010000 m 2 x 6.0000 = 0.060000 m 2 s^SCdJ ^ 4^1— o i/j IJJ cy^.O) 

cJj J jl? -b ^ y>r 4jt J,| jJ-J . 4^1 a Lij .\jLA "iJLs^V' 11 y* ±L>X-~J V) 

.(4/*La ^15^1 i ,«^Li 

9.81 ^Aj .(<w~*^It ^ll\j ^J^Jlj) 4-J j jJl 43 lx JL_^rjl 

^jU Ljapf LjSI 9.81 x lo 3 N/m 3 y> -up ^ .9,810 N/ m 3 jf 

(J,j wixJj aJL-II djjfc ii ^ixi .4>w=>' j 4JLJL>- li-A ,Jju 4 ^Jj-Ji jj jJcJi j i4>Ia ^lijl 4j^Ai 4^/3 

.U 4i^>«ll 43jJi y» -bji ^3!-Lail <wJLUJl £*j <j ^JLi y} 10 3 JjJ| l j3 J 

9.81 x 10 3 N/m 3 x 1.00 j*jJI dlli j <.lil Ja>w» J,li)L_j d.00 m j»* y y 
Iijj-a* IJLA aj y*j> y 3JU2I' (j; j-JL) F 5 jii\ j j — lil .m = 9.81 x 10 3 N/m 2 

7T,1^ ■ 4>-L^JT. 

F = 9.81 x io 3 N/m 2 x 6.00000 x 10‘ 2 m 2 


= 58.9 x 10 1 N = 589N 


yju^&i <im jiu,u jjjii 

# #> 

J^>U /£>- jl(L* 4 j j^P jUa3l) jjy 3 ^13 ' .C-lii t_-> lujL* U-m£> £.1 Pj ( J- £ 

f.lib £.Lp^JI f.U.15*" _M ^jjli jjp JjL-o c.LpjJ 1 *)l£ .p^p_^ 1-La <3 

* * 

c~^7 oi-A <j jJjl yO J&\ ,yuyj^\ y* Ljj>r *til £ j£:$ 

.((4-10) )a.x c3 ^3 yAl^-o ^jl^i.1 C-^" yj -C«-o 

^ol^i.1 JL>-I 4 jv- L^ 4 .4iiili^ ^1^11 4>-L**> jli t4jjLc*w» j^P jU^ <jl ^ C. 

lyu (A x 4i?-L^4) 1 j Ji^SO cjaiv? jJL5l ^ .^4 2 4i?-L^* y»£ i(^ jll 

JiSLtb djjti j Jj ^(^ 2 4I^L^* 2 pij 44UI F 2 d jaJ| j\jJL* 1 ^ .(y j* Jlj) F, 

#> 

J^iJl j jw>^l Jull J . JiUU 4^jLii.l ol>L^ b ^ ^Jl ;<^jl J — ir\ 

. UiJIj F| jiv 5 ! F 2 l)^vj tl |*-3 j ( j^ j*+p\ 2 |*-3 j t(4 _ 10) 

fi 

; jbJb)l jUJilnil cL->Ijj 

F\/Fi = A\!A 2 
A \F 2 = ^2^1 

. olj {.I f.Ljl 4A3l jlA oljb^ jJl j j£j o! dJ-A y—* ^IJL>rX . . .^>1 JLX P 

. 4j jAj^s jjp 4fl.)gl' d jiJl cbis*" 13^ JaA3 y*-* ob aJ^IxII 0 jSnj 



«UU : j-iUit 


‘J 

F, 


F 2 

* 




— (_yii£-<JI 

A, 






<jjLuax 



A^Lula 


A 2 


la) i ivyy^i (JjlS yL (JjLui 


aLUII yL a*yu« )\ tfUjJl JluL ojte :(4-10) J&Afl 

. j_jjdjl£-JI djU.L^ l A \ k ill Tui 


(7-10) ULyyi 

.y4 2 — 15.00 cm 2 j /4 1 = 12.00 cm 2 ^ (4-10) <j jl ^ Jj>\ 

i 1 ^j* 2 plj j-^> 4 ts 5 > *^ JliU £-* jJ — ^ j-t — i ^) 

t* 10.00 N o JjL»*>U 1 pjj c..]aj<. v? jJ .(iJLj.1 aJu* Jl>- c,Ul tlJJi L j-j\ 

?2 ^rLil 5-lpL^aJi 

(7'10) J* 

^a5sj . 4-*J jJll J! C^L>-Lw-^» ^Jj UJLp 2jt-*Jj 6 JL& ^|4- 4 jI Jj 

:L^uij jJL. aljaal) «L. »J tilLi-l oJLft 


A t /A 2 = 12.00 cm 2 /15.00 cm 2 


= 0.8000 



ijOjlill frbj-iJt :J oUt 


■F 2 <— 1 'I — •»■ J*—J1 j* '-il tF] — 10.00 N Lj-aJj .Fj/i^ = 0.8000 01 jJL«j ikiJl 

10.00/F 2 = 0.8000 
1/F 2 = 0.08000 
F 2 = 1/0.08000 = 12.50 N 

^t X A j AiSl d .,.. ^ -i <uL* ^ <L.Lfc 0 j 

. S-L» ijjjl 


^JUll jjkll 

jl $.lpjJl jbJl jl ijA ^JjL-JI jj Ul ol — Jd g?jl »Sl <~X j 

-A^-y V cjbdb L* l^l>-j O^b* lil .JjLJl ytj j3&J ^J>t A^il3rb jl *ll tj ( j ,cd i^l 

JS-Lio dgU^j^U ALU oljUJl (1)1 AjLA>- y* ^1 y*Jlj oljbJl ijy y-Vl c3^>bi>-Vl . jbOJ y*-* jJa -> 

jlilt Aitis 

.sJp aJ^-L Ai^di Aili$3l (J>yJ *b*li Jfly-Jl ji y ^gJLp* i(J j jl *J1 cJu 

ylb yJyjJb AjjyJl <_3 yJ .jUJl y* AJy 1 _£j y£ ^jl ^kg/ltl^ (^yi^-ll j lib ob*lj P jlJxJl 

AJlilL ylb IjJLflj* Aijjtil aJ c^LM <jjyJ±A aJL^sJI Ailr^Jl ^ jL^J j (N/rn 3 ) — *^il 

y a4p jt j->- J (mol/m 3 ) w*^ll jilb oi jJlJi y Aib^Jl *-3y .(m/s 2 ) £ y 

• 1 mol ~ 6.02 x 10 23 01 ^ jUJl 

S Aj^jVI jLiljVI 

0 * 

L* jlSL* (J * yM f Ait y 3 jr*\ y^l y W 7 ^*" ^ y- Ay ^ j * IJU^ pl^j 

lj yS AaOj ^LjajtJl j| oijui-J yP IJLju — ^rjbi-l ^Uia a]| (3 

(jitf’y*! ^ J- 5 ^4 ,M fl * (^ yil -( < y 5 jS/1 ^Ui?jSlb ii jbi>) 1 

. o ybl ^1^" <J APy-—-) *Jb>- jJ jbJl .5 yU (J,jf jlp ^y* d^JL^- jw=> c5>>^ Ail 0^/1 

jUJl ^ ^yuJ S y»JO J JjSll jU)l ^ yuf JpLb M y^T jU jUol { Alt 0V1 — iil 

,dj^2i d jZ i JLuj ylitil ^.Lp jjl <3 b*JalL< ^Jjil b)j-N2_5 4 AP^-*J jLiAii^l aJLoP .Jj^fl 

¥ ¥ 

ljL>r 4^..t i Lg-^T" y- cl) j 1 g -/**; ^_4 d^lp j 4 AP j li ywj jUJl 0»lj^ j j| 4P^**o jLl li^i 

.((i-5-10) J5^1) J y*> j^>- frUj t?i yb i±~£ 

^ly>^b oljUOl j+1~mZLa 4ylaJ L*^ ^A-jibbl ^ y- y 1^ .» tf t Aj y*lll y- jj a lib* 

. J yxil oli A-PjS/1 (j oljbtJl OJdi .6 ybl 




SjjJL&dl ibjJi\ :JjSt olJl 


ujjUL CjIJUJI 

c If 

i^yZ*A ia.^ l jjtp 1— $^»P oVS J^- 

i?L^ : J' s-Ljl ^^-SS o^SjIp ^3-iS {£ j£z .Ajil^-S (3*^* ^ c-L*^ 2 aJl 3 c^Sjl *Ji 

(jl5^ lii icl^Ul^A^-1^ olJLJJ (A*??- 3^3) Ai^ji-S Aja-JUj Vi yS' (_£ <S*>\j\S' ^ll;S ^.i 

J y>~j ^pL^iJI JaLi3i J*>L>- oSjlill c£>£ aSL>- (j . aL?- uJui^j j__S3s 

. 2ji ^Jl 

j3 ^ jLi-l f-Uaill cjLlii'yi 3i 3^3^ l 3*>U]I 3 oljUll — j 

c-1 vaaS l (J ^tja— Ji ^ (— j J*j^\ AjiUr 0 3 "j toijliJi ^ aijJLsi a~* 5"" i rAl 

(AJLjj^ri AiliSsJl) jlxil olij?r yS~ j 0 j£j . jowaJl £.tp ^il Afllli£ Aaj Jjaj jlJuij'^i cil^J ; >X ,, ,».>Sf' 

If 

^jJaJu .((c^-5-10) £-*-1j) j3" j&\ SJiA { yaJis>t±ij ^yn^ ^Ja^Jl ^ — * <-j j — aJL 

. jUJJ aIL^JI 3iLi£j! i<j ji?\ cJ*>Uil j y lL oU! jP jLSill :>Jlp 

jl OAj JJl ^jA Aa j[j KA Aj^k^J A^-~, ‘ Jlj .^^J^-l (_£ y +MA f ^£’ j 3 *Lp ‘-^’^ A: 

yLvS»^l jA (J^rjjJLil .<_£ OljUJi 3jbS^ j&*\ oljUJi (j^-i 0 j& 

y)l\ < j a aIiS"" j&\ j ji JsS\ X~S\ j£*\ (jojw^jSl^ .U^aj^ cJLob^ ^ j- lilj 

Jl 5JL5" 35VI oljUJl L^jlj c^ja— Jl dl^b 3l oljUJi 

a,U*a>I La j**\ L«jb {Sj^ oijUJl ^ J£- ji ^>rjLi-l g. L ia Ai l 3i L^lji 

^ i-3*>UJl (j olj\JtSl ^ Jj ^jA aJ coLlia jl tdj^ Jj>tj — j V 

t4-Ljc» A^J^ 5 -! dAi<i ctj JL>- 3 ^ V .^ar (jJUb jl ,A>w?lj j>Pj A^jAj j j-J»Ji oLL»-^ 0 j£j t^Ji Si 

jS j ji £±\ JL— 5"S (3^" <UL*Jl oljLi]l Os-Jj 3^ <-£S b-A ^rla.^Sl ^ip LjjJ Oj — 

i t ** «j^^sJS I 3^“* 


^jliJI f L^UI ^4 CiljUil 

^ ji^-S' .L>i-j>t-Ma ilJJi .^Sj f-*)^ ( ^ r P ajLp f-Lbaiil ol *Xa^ — w oS — 

C^ijLi]l oLw^^J jSjT L/ajS Jk>r ^*L3l j (^arjj-Lj^S jLp 4 ^ ) gi* , ^ J t^>-jlii“S f-Lsi2 — —fljl 3 ^Sj U 
LiU- ^rjli-1 g-UaiJl 3 oljJJS >us .(Ua2jS -3^’S aJUaSI 

.lIUp - ^ w.^t ^3 tAj O 3 cAjl^JS 3 3^ b/* *<“£ y 1 "^' OljUJl 

. j*a y L * 5*^ 0^3® S ^ «p *— ^ y^i y ®*-^^S3S 

# »* 

' ^^Laj , L^Lc J < Lo ^L^ sjsJI ^ j>- 0 

lil>- aJL«-P j j 1 j£j: . 4^iw>tV5 3 jSjlSI ^^<k»?r«jJ A*/? 3 AjJ iS-^^^-S ®>-LA a5^ j^"S Ajj! ytuS' 

.(^- 5 - 10) 3^-^S ^-Sj) d ji-5" a» 3" 3^ V*4^-S j 3^' 5 3" 3^“ ^ >- iJL ; 

1 1^1 S c1»>1j«aJS l yj J^LiiS c-^iL^-^Sl <.j$ 3S ®L^Ij ci^lj^ULl AjilA-S j\ y^z. ^ L 






io-tfsll tbjjAll : J J^l olJ' 


•N lOj 0 uy £jl ijtf J-t 0.150 m/N J»U»il ^ ojU jf -2 

oji u^p ^JJ-1 t3.00 N s j^p 1.00 m (J_>k 0L- ..£* lit 

?5.00 N 
1.30 m (a> 

1.67 m (b) 

0.66 m (c> 

. oU _^lxll » jL» ^ J _)JaJl JU JS- ( j^C„ "V (d) 

j Aj = 0.0600 m 2 yj* (4-10) J oUU. jl ^ ^al .(4-10) Jl op .3 
^ aUl Sjill ^ U c5.00 N 5 yu. Ji-ty «t4l< 1 ^-£11 oJ«v> _>J .^ 2 = 0.0300 m 2 

^^jIpSO 2 |J»j ,j--53.' 

30.0 N ( a> 

10.0 N ( b> 

3.00 N ( c) 

2.50 N (d) 

(Jl <iL* _ji <_..l^. ' l ^jlc- (Mohs) ,j~*y (jol-i* .4 

. *AJP Oblx3l 

. lax^alt (b) 

. laxyall jf iJUlil (C) 

j' J^h (d) 

i & J 5 ^ 1 -5 

. JjLJI *lU J (a) 

* 

^.LLl \>? jjJl , j « * i* f.LLlj (b) 

. j*lji {.ill j (C) 

f.lil (j (d) 

J^IS" <bL» (j .6 

* 

.4-Ljai' a jiJt iJuJl jlJJL* vUij (a) 

. Aijail a jiJi jlJUL* (b) 

* 

.3JL)ail o jJLlI £j* b J& ^JuJi jlJJL* (C) 

fl «/3 > 1 1 0 ^Jjj ^ b— ■■«.*» Ijtoj (d) 





J >U aJU)I aJLUJI oli SjU. 1 .7 
.aiJj uJ? Jl Lf* ^ J>s. (a) 

fi 

.lA>- Uu* (b) 

.4*5 *Lp j <j£? (C) 

Jj'j-J' j (d) 

l. ■ < * ** j 43j*$\ (3 jlJLltl .8 

.p-*oU J oijiJl ^~u- (a) 

. AS' olij^i-1 jl oljJUl i] ^ (b) 

. <JIp A*oL>r Lob cjljUJl i)*)b>i (C) 

y^\ jv^ ^ oijuii (d) 

Ji a4*J' oJU* L;Jjp! .kg/m 3 8.6 x 10 3 c^j '— j b» <bli 4lk^Jl 5iLiSCJl <jl Jpj — lil .9 

iiliSll! 0 j^l L js' aJI p ^ b? 3Jli.Li 37 js^f ^U-t j vi~ — >- — Ll 

jil ^Js- 4lbS^Jl 

3.2 kg/m 3 <a) 

8.6 kg/m 3 (b) 

23 kg/m 3 (c> 

9 

, Aj * JLall ojL^JbJJ ^Lp bloip4 L^L^o- (d) 

^ U .2.788 x 10 s kg JsUl ik T_, tJJUt ^ 100.00 m 3 f-*-. .10 

.2,788 x 10 7 kg/m 3 ( a) 
.2,788 g/cm 3 (b) 
.2,788 kg/m 3 (C) 

9 

.ibJUil oULJl ^Lp blolpl aLpw^* 4jUr^|l (d) 


i 





iLjajI -UP jJjc- plpj 3 jUJl y» 4JLP Ja* ^ .>1,3 j, ; 

L» ^ J^j {J* i-*~UP ^fo lit* ♦ L gjg * -UP jliJl ^ja 4J-P Oji 

* i*jf*'2t ,a '■■■ 

jJcJ <JaS L^J (J J^t . J^aiJl iJijh 3 4jiJUl£u^ U iJl* ?d^lii Jp lj\ X>r djl ^J-l £>1^0 

.oji ji-\ 5j *- jij Jai-iaJl laUj 3ll>- 

?djljaJI 

ja y c ^ pT Jl ^-^>r JJLuj jl ^ -uUaJi JU&V ^Ip- ^ ajtj—^-f 

P ^T^l «j' _/J~l J^j“ 4 jU- Ji P^l J> <j!Ap UU*V*J jJ .{J <S^A JA jl ij^i OL-S+ 

e> tjkfiSf ■ ' ; 

J^uJl) ^JaJL Ljul A. ffjiill ©J-A ^P-JJ .pill Jl (c_— $Ul <ui Jj ^Li ^j—.~A p J-.-3 M) 

i^jlyJ-1 ^ L^Ib jL^-S^I <j i^Ai (^jJlj tpl j*J-\ 4*-jSfl ^lyuaA ^Jij U-U — p ,0 —1 —Jl) 

£ L*A>yb Ljajl Ajutlf 0*1* ^^P-tf ^J 3 *— Jj ^Lvail viiL- ^jA iji j^A JiilJ 4^t*ll ^iJU^T 

ja f,\jk\ j£ m tii jA\ teiXj *&-jjA y ^J\j jt*-* ^yu U-Up .((<^ - 1 -11) J) .^1) (jJj^ 

pl^l aJL; £ jlC.^ ( ^>«~J>I pi ^JSJjJ C~j>* cii Jl Jl 4ja~- J j 4>vAj J*&\& J^»...^ 

»((^T ~ 1 — 1 1) J^*sJl Ji>l) c£jly^-l ( J^ jJ-L Uiaji aJj^^I a &JA .Ai () 

^lUilj 0 jl jJ-l ol^^ Jj J jji ja Jl ^ Lpj c 4 iLU c~« ^ a t djl 

J^“l jl/j 4c^ ji/j 4c? jl ^iUaD JlixJl d jl j — J-i . 1 ^^ , ,. i> ■ 3 ^ 

>^i 0W>“l J5 A^UaJl c< ^ jWl 43lUJl jLail jL>-Sfl yzs u <3 ^*^5 ^ ^ 

,J> .tM j CXrkj* 


iiJLjlteJl oUl 



.( C ) 4 ( V ) 4 (1) Jiill *1»J _* iSjlj* JLS tAiUall JL1 *fij :(1 -11) J&JJ 


(^jjHia) SjJjaJI 

I jjS> ^jP C-»l jij IC.J . OjJ jJ-l jjvJlj JjiJl fijl fi-i >- J (1)1 

<* * 

^a> $.L*l*Jl Ijj y^-\ jl .(^pM ciJl^r \jy$* Ic.j) 4 * 

yjj?xl»*^/l — lfld» l$J> 1/1,000 — Aj-ijtiii 5 -LJLp ^A-l dJb>-j 

. Aj^jM C^LJL**rJ| ^3 L^JUj c*L^-i jjP olS ^1 i^lp ^J^a-yStAkiJ ^»JjlJ| 

lj\j>- ±>rj} ^ojlS y JbjJ ^Jl 4 } yiA\ 4iUaJ' ^ juJljjjjiT U ^ ^Jl (cal) 5j — j ykl jj 

y>- jlf .(1°C) L*lc ^ 4 ->rj^ y.-ULc. ^ytJl f.lil ^ (1 g) Jb»-!j P 

4 ->r ji jl >bj~* 4J J-Olil 4iUaj| 4 *f£ tjjujlijJl rjA OjJ jJ-i (kcal) 

pUJ ^ W Jaii ^Sfl lJua ^ , 1 °C jl-Uc. ^LJi JjLJI *lll 1,000 g y cl kg lj>\jr-~ 



iJli-l Olj-Juj Jaftjallj d j\ 


jl . ejjjLsJ jl t^Jp jl ^13 jl tf.U.1 yA f.j>r (£\ JL*^ 131 i^Jcu jC$\ li-A jLg-J . aJLjJI g.Ljl IraAfr ^jI ^ 

^bai) 1 00°C j (f.Lll JUj 4 4jaA5) L) yij 0°C Jy £jt ^1 ajl ^J-l oU-jjJ L* ^*P' ^_A> yti]l 1 JlA 

• JLp <— ^^LaJI la*.ba3l j ( jLLJl 

iiA * 

O^o jl J* j^j) 1°C jl-biP. (1 cal/g) -bjy jl Oji j >- 1 Jl JLaJl JJLJI till £*1: — £ 

Jp 13L* tJ^Jj . (t^Calfb JL»»» L%5"* t<— A>L^*Jl/ y>*-**Jl ®jl ^>* 4 j>tjUj ajl ^>- A?tjUj 

oljUJl jp I3L. jf 3^LT iJUaJl fL~*.Vl jp lit. ?£lil pin jt t J ^Jl jf c^Il 

al>L> O- 1 UT ajl o^L^r-j^ ^aal jl AjjI ^i-l AilJaJl j<* 4 IjL>j *~*S' Jj . Ua^o ^ 131 

^ j3 y J**— * 1 cal/g JA j£\ -Mjil J**> . (£ J^Sll ->jil J**i JA } ^ ^Ijil l /**j y * 

jLXa£. ijo jl y^ht^J L*LC 1 Cal/g < JaJl JjL-JI $.lll JjaL . jJJ3 yA Jil JjpIj iljil Jaxjj $1°C jl-baP. 

f.L*JUJl La ^jPJj ^1 jj^I a Jla Jbj Ul . Lfclp OjJ i^jcu JU JujlpI ^__jl ail Ll A j^/ <Lbl ,~, .«t 1°C 

.^elh+alb 

LAjI^JL* <Ly*jT* diLLl dJ-A yA ,X 0jLil W** 1 J Li— A jl j— All 

LlUj jlj-> ^ jJl ^ L$J> f.JA- lX- ^ t(1.00g) 

dji orji oiiijl tiiUaJl Ji aJujJ Aarc-i ajI Jp j*\ .X d^lil Jl (1.00 cal) * jl j>- 1 j'-XaC. AiLL> 
till JP <JJL^ JSLio cj^a: US/ pill X 5^Lll d\ ^p \ jJl JA n.20°C jiAir. X S^L_ll 
6j\ J>“ J-^Lu*! d.00°C jI-VaC. a^lil aJ-A yA 1.00 g A?rji <— ^-i-4 . aJ jAiil AiUaJl c.. — . — aL 

1.00/1.20 = a^lil cA^Lii ApI^aj Ojaj^£ y>* ■+* .1.00 cal U U^i 

.1.00°C jlJUU. Ujl ^ ^ £ij Cal 0.833 

Lui .x *j£i/ La^pJLJ Lp 3 .a Jkl aJbA LJl^? U — *- «^L* yA ALP LjjJ aJI (1)^1 Jp js>\ 

(£ y>-\ a jA LuSlc .a*La ^lijt a^J^ aSju 1.0000 g AjJj s.j^r LlUap- L^jl* A*]ai C-^i ; 

|j-A a j! j>- Or jl jojj>\ .Y S^Lll Jl Cal 1.0000 jl-iix. 4iLL» JaJ y«3l Li <J jlj->* 
JT <— ^ AjjI ^J* l AiUaJl ailil a j-A JuAl*-J ?0.80000°C jI-AaC. cUj»aJj! JLi i^JUail 

*±» J* 1.0000 g l j\ J>- £ ) Cal 1.0000° j> JJi ^ ^ .X S^LLl jl JsUl pin JA 

Li l oLit ^lijS/l ja LlJ L* c-^L-J-l J*>Ls- ja Lll^o: . 1.0000°C jl-Llc. a^l Ll 

. 1.0000°C jUUU. S^lil ai-A Sj» ^ or J 3 ^ ) 1.0000/0.80000 = 1.2500 cal 

^aj c5^“^ d^LkJJ oj~+-A Aj-^sLp (*La ^ L ^l5" l (fclJLij ^ Ip j ^■ 

® ja a^j j>- c Jl L*^ - LlI J^aj Llp^ .(Cal/g/°C) A^rjjJb ^lyilLj a^j j>- aA >- ^ a^-Ls^ 

t^UJJ a-**lJLj c — 1 cal /g/°C jl U-**^ ^JLw .L*U? l°c jl-i-lc. d^Lil j> L*Lc ^Ijp 1 Sjl j>- o-j^ £j J 
Jl ^ ^aa) C = 0.833 cal /g/°C j cX a^UU 4-^Jb .aJb y oUl j^Lij^l JA IP <^L dJJij 
.(oLa ^lijf 4-^>- Jl lb Ja) c ~ 1.2500 Cal /g/°C j iY a^LJJ c(4^La j^Ujl 



SiO-iilt ftUjjflll «_Ajl 


(kcal/kg/°C) i>-j~bb y^JjJb 5^ j>- ^L^Jb c ^ j^cii j~- l — f — > j . — SU 

^l^*3b fljj j-b I g ■ .. a i C ^.. 4 ^yi yv. w.l AjpjUJb ^1 jl.xjb t jl.Ob o^b* C j 

V-Jb .ojj y J^UI ^Uj^l j» jJlp tc = 1 kcaI/kg/°C jl> i*Ul) bJl 5 *■ yJb 

j jj cY ^uii 4_Jb _, ;(J>U flijf aJ%‘ J! 4.» C = 0.833 kcal /kg/°C 0j_& aX SjL-JJ 

.(ial* ^ li jf a_>- Jl Jj yi*) c = 1 .2500 kcal /kg/°C 


(BTU) Ajjaiii?! Sis.jl 

*» 

.(Btu) "V *2Cy/ & J>-/ <?U>- _^// ; LiS" Sj! ^>*U oIaJaiJI ^yajtj J$ ^Jbw. J 

jp L* lil .J^AI jl ^iSfl jp J^->- a Ail SJl>- ^J\j c-ou ?* 1 ic.j 

jAJ^ t{.I^Al jl j^jilj A*-c*4 ^t**pl J <3* <■** A J^\*ls - J BtlX 6 «^ - ^ J 

i 4 pLwyJlj Btu djJJL* a] jjtiil AiljaJl Jjl*>* jJL aaJL>- Ul . ^')\Js 2 -v 3 *A^ jt-JLx j^p L*l J-S l 2 *j 

. Btu aJ^aAI asUsJI aJ -C II a^^JI ^y*j S ^ 

-A^-l^ ^jASJl dji j>- a>-j^ ^1 «x> < j^JI djl^?kl a«.» 5^ L^f ^1 p Btu t — *o 

<9 

<^l Ava-Alj cJij yt^l I A* jl jJ-o ,(1°F) 5 JL>“Ij C-jj^ A >r j* jlJU-C. J$LyaJl ^JjL*J| $.lil I *[£ 

jl^-* ^1 P JL»Ixj Ail ^.(JUjUt) <Sji jji 3 ^1 ^ L* ‘Aj^J u -;^ jJjJlii A^a UU C-J 5^ li| g j 

1.23 kg jj, o^l j .L >' 454 g jl 0.454 kg ^jSll jja- Jp jji ajI Wl ^ 1 lb jj. fT.ib ^ j 

(j jl ^j^/l c-U^i <^Jum <jl<S ^IwUjl Aij (j . 1 lb JjUJI ^1 — il jf— 4 

^lp (wtijLil) ^jJSo^fl Ji^^l A^l Btu jj — N tfrija flil (jl «-£■! 

.(j^l 

^^Jlp j jf IJJ t jo- ^ Btu S-b<- j Jl y ^1 t^yail jJl j^p^II ^Ip 

* * * % 

A*UJl 4 JIA-I (j . (Btu/lb/°F^ 0 «ji^ j $£ A^rjJlIlj Ju jUL BtU d^lp d^*-*-il djl j ^- 1 2 » Jj>o ,L4 j*A 

.Cul /g/°C 3 j*Aa^ 3j*J^I djl ^-1 Awj BtU bS>- y> d jJJL* d^*Al djl ^-1 A»^j j j ^ 

(l“ll) AiLifcA 

jjj tb^Jj 5.0000 cal IajIjJm ^ .5^**^ 5jb« ^ 3.00 g kiJ<*0 4 — il ^jp j — al 

'i j t ^‘l5o- N _j iJJu V ajjl . 1.1234°C jUbb:. l^L.!^ ajjl j r Uii;b Sjl^J-l 

?5j11I ojLA l^l\ 5 jl >1 ^ b. .U^JI f.b ‘1 ^jJb- V j 


(1-11) J* 

tSjli.1 ^ 3.00 g bjjJ .Jlj-Jl (j aJ jl^ll ailil jp 1.00 g UUb jl aiUaJl \jS b eo 

5.0000 cal cf Vj »' /- jf j! jl J>~s_ Jblbj ;5.0()(X) cal Js- 

. 1.6667 cal jt 



law.jflhj Oj\ ji-\ <br : jJUp 


b$J> ^Ul 3y*_**J j£ ^ Ajl ^JU iij&j .lg_b*l£j <ul*Jl 3 ^Ualjlj 5j! J ^- 1 A?s-j3 01 p-bu 

JJjJ . 3 y^S/l j^b-Sll 3 -* j£\ b* b ^- 4 <3 Cr*-~> ^ c£' *l£ ^>-' ^b-l u — 4 j — ^ 

jlJulC. a^lll ajlA j* 1.00 g ajl ^>- AJ >rj3 -bjj CtjJ-i-iJ . Lg-L* jl^* (J A^ij jl-Lfllb i j3 g *~« J 

5 j< ybi a>t £» J 4 j jUail 5 iji ybi A~*i" ^ b* .l$Jl Ailkil 1.6667 cal Jii 1.1234°C 
of ^ 4 C J± J^*a>bU .Sjlil 5jl >1 g;f 4 AiP (/JJl C xJUJi A3l ?1.0000°C jU-J*. 

Ai A^Ji AliT of U .C = 1.4836 Cal/g/°C JUb j .1.1234°C 1.6667 cal/g jJL -if 

.1.48 cal/g/°c Ji jJjJLlJb <~>1 ji-1 <-*J yaj s_^£ 40 U ftf jf Aj^i CU-Japl 

S JjaJl AajJ 

0 4*>bui ^L$-P aJj! a ^5s3 cbbjJ <x-jJ £-*>\ja-/g'b/b ^ju lib* 4 a jl jJ-l bi^p 01 ^ — *j 

A^S"" j^-l AiljaJi Aya^S" ^jp «jLp djl j^-l A j2 01 .f-LwiJl 3 L^Jw* t A **, < a ll 3 ^Lpl b*^-**P ajlj^-l A^-j^ 

dobjl bdS" 40jl J^“i Aj>r C..» AJ jl bOS"* 4 A^ljlil aJUO 3 . bp ^iS""S|l <wAJ j*^Jl Ajl .a^lil (3 a! j— 

.olijJrlj 0>ljbJl a5" 


j>- 


4 a-UxJl ^ a jl y>- 0>U»rj3 ^LiJ 4 *>b> . (_£ y>0 Ajjj ^Jaj ajl ji~\ A ?r j3 ( j P ju — *0l — $s JT. 

(EM) A>^0g A#UaJl jlJu«g| Aa> ^] aJ 0 jiaJJ 4 g.lQa.AJl (J AJT-U-Jl A^Jtllj 4iw~S^I 

l d «5\j .X Ar- 0 j 4 A^^x^vkOSJLkJ I if.\jJ-\ Orfij tj — — i Ip 

<J ^iaJ I JlA aAJ- aU-juJl a^lll jl ^-vwj^JU A^jLJsJ! A^-J 0 

.A^^i» 

oU- J 4ajl ^ ^^Ip (J jf - 1 a^L* J,l 3 ! ^il c^Jb-l jijdb A^Uail — j UJU P 

aJ 15" aJli AiUaJl aJL*^J 4 ljO“l .Oj\jj 0^ djl j 

'*' s« 

S-L* Aj^Lp ApLvaxli jlgxOl 4^ii^) s** — -- 1 |i 4 Aj^jb^w* l>* J — ^ 

3lj^» ^>*-J .Ojl aJL>- <3 aJUI^j Oj^Jl (3 j ^ AjUaJl JjL^- .(^ L*J 

^Lp aJjLs^I 3 L^Jj ^Uaiil jf atj>“ f.Ljl jl 3 W 5 " ^ oJbL>- 3 b 

.■i^/^- 3 ^/ <Ajjjjyb aJUaJI aJ-A ^PJO 3 ^ 


^^ 3 x 4^1 djt (jjjl jfla itlui (jAjljfl 4 

jl aJ^Jj LJLp l^-IP L5 Jjpj 4 ajl A >r j} 3 P b* Ip^j 0^/1 bjwL^- 

laA^ g ^Ja—*' 3^***^ 4 3 OJJi .(°C) (3 

.^*33! jJrl 4_iObJt 

Jb>- 3 jb^waj'b/b Ajbg-Jl 3 f“b-^ o'jb j "bbbl 3-* a^jb AJUP ulJbJli t~- lil 

0°C a jL^ajl ^jP jObJi JjLJl s-tilj Juli-S aj! y»- Agrj^ 0 . ajlJI b^aL" j\ 



iiAUsl! ill : J jSt vU' — 

j (L^« j*— >i ., <» : j . ^ sJjJrl i*i» ^1 *i\]ai\ j«-i» jt .((l — 2 — 1 1) l l) 

-IpI ji iilIJi5^ c^i l ) ^ ^i ^ * :. k J'I w— «j^sj ^ ,0°C j>- 4»rj^ 

.^Uil JjLJI till 

^1 ^lajl) 4Jjt f- lorji l.i.T.» 4<uil iiUaJl jw5 jl £*j ^jL» elil ^ ; . <aj lil»- 

jj&j •lcal/g/°C 5-j^uJt Lii /ij/i )’**/, %*u- fill LS a~- .<(cj -2 -11) j£-i— M 

# 

till «ji J>- 4j»rji ^waJ .AjjUJl J\J4 4±a J^*0 j 4 <1> V—JLiJ Li Lg-*J frill Lx*J 

—2 — 11) j JaJ) L-^Ua-^1 100°C £*jLJI till j^j 


0) 


aSLUI jl 


J jajj AiU 

M- 


jL* 


fjSmil JjLui (. L 


4iUJi JL 


itfUJI JL 


0 Ja J 

IOO^j^j 

^jJJAuJjoj 


jla. 



^iij (Jjl*u Lj> 


100°C 


^ jla. 


i(1) JLm *L J jul^i! J+*A :(2-ll) JiAD 

*(c) jy*^ ^Ljij ‘(v) j JjLJI c-UJi ^jj'viJdi 





Oji \ J^a)i 


2 * * f M _ 

m ij t ^X\ lj\ yi-1 4j>r J jJ j^JUJ — 4JLU iJaLA/j fillf mJoJj — jL-jL& jLjaii j^l JL *- y 

4j| !^yijfijuJl (J^jLa ^Jp ^L^JIp'i/lj 6jl yLl j-i ^yP _La— — Jl j -l_^- -L*" ~~ » 

OjlyLl ^LiC. jL>~Sfl JiJU J ^P-L *° ./* <Jj^/ j^I*l ^Oil ^ LlII p— iL ll iHjfj—PtJJ 

tf-lil jL^ajl djl y>- A^t-jS <j<J <3j-iJl ^y* l/lOO ^-Liil i*iA JLp o.L>-ljJl l j \ yU 4>-j,5 jS/ ^ ydl 
(centi) 3j^Lii ^*j ,y>«-Jl iS y * ■■ * J (jU^I ^iil jLip Sjly*- y>«-^ <j> y*~ — * 3 

."l/lOG M ^jjb" U^l ^-u (centigrade) JbiL j c M l/lOO M 

<jiij£ ^LL* 

jf . <Uy* Tj jl ^ j\j£ Jl jJL> 4-ip jl 0 Jjylj jl yJL^VIj f-tii JL-^4 ^ ? )al\j ^j^-C 
J> \ 100°C Of j5Lcj 0°C ^ ^J*L>r j- 5 Ji Sjl jLl oi — ^-j3 — J 

c£X* jf djl jLl X>rj3 J c^jJl oLL& JL *■ y 

LLp aAjL j^p y V *>-!■»*> (^Ip d j \ yLl oL-ji LLi <— L ji 3 -^ jy 

tLA^yy <^JLi yj L^ji *i >.lJjL 1 4j0at JuyO js* $ cJ*^ i— . ^^L aII t i a ^ 1c- 

5j*r j-dl dJL^ ^pjj . (-273°C) c— ^ ^ 273 Lj ( _^ iA? i f A>rjjJ La Jj jj 

^JJLr M -uSf 4^f l 11 C^f J-^ (jJUii' ^-j-L Jrl £^laI*-o .{jJJaJl jMaJf <*- jJb 

^jA oljJOl ( jj2j»j u jiflj lLLI^ ^y* ^ j)l tL S £ j iJL^f ^ — -^>r -L>rjj V *jf J-Ou .L^JLaJ 3ilU 

. ol ^-t ^ju ^—-1 jJl ^Uoiii (J i?t-jJljl dJufc 

.OK 4 jL-J -273.15°C ijl >1 .(K) ^ y-U ^U, ^L-f jikll yUli ^ jSLiJ 

+100°C = 373.15 Kj i(fC = 273.15 K JbiL j ^ ^ -u-ii y> JSS Wj* y-*^ Jl 

.K ^ A^jJlH jAj y£ ^ 4jf JsL>-V 

y ^ Djl <^>L>rjJ ^Ly . JL^ j^P o^ill . w i ^ j! *V ^ ( .lull AjL^jJI 

Lr d j\ ji - 1 L»rji (jyiil jl ^yLi* oLrj-lil joM* J^l ^ Jl 

4 ■ 

djl yi-1 4 j>t jLio <^l Jor jj \ lA>-j^ 273.15 LJl^ <^jL-U ^yLi-A ^ Lp lj\j Li 

.iJLili 

jl Jy5j |JL>-1 Ljlip . L jL^> yiL5^ j ^ y^ JL-* ^I3jf jLpI jL>-^l ^ya ju ^j j_So: 

Jl 3 _; — ^JLj 2!*-$-* ± 273.15 jSf °C j y^ 30 la^j <K j yL* 30 jy^> l%-4 J ®jl y^-i 

.liyJO 30 

dJJ-i Sjl ^Ll 5->rj^ >L>“ jil y'Lail < j-J yiL5^ ^yL tf> jl 

d jl yLl 4>- Jl ^LaJI 2-*-* (°R) >T ^ .UlJb«-t ^Ull 4ii» 



ixiidl tUjJJl :JjSl vM' 


.^jA LS~ A>-j-5 V 9 0 *\_C Orji 01 jA 1 - g '..1 < 3 ^a!| 01 .A&JZ j£^l\ 

0 

.ijS ' Jij X>rji ^5 Os-j.3 jU 

•200k 360°R U&ji-Xi* Sjl^>- •90°R (_£jLw*j 50 K jJL* ojl ^ ,, > » 4 — ?rjo l)| 

^|^Lio . /g 3*x*JL <^j j*&\ cK l 5 ^ (^) °R j j* l£^ 1 

j\ c 9 / 5 i^ullo v ^>i ij &\ j ^-W^* Ji K jiL^ L /'W^* <JLp W _/ (^T Jj L <J S\j>^ 

.W* 1.8 

jl L* ljj>-l d-JO?* iil .l-X*- 0 j\^Jl dolfl ^iiJi (j jiJLT J (j^sJlj ^^LiL« (jy (j^—aJl l)| 

0^-jl- 4 16.7 j^J C°R O^L* 30 j%-^7 j$* jA (J d 4j>r- 

ii-ipl j».x>«_i«^o L* Ijl>-I ^.w j 01 j\p . JC 

Cjjt$Jj4i QMbfiA 

(j ^ j^lSsJ'y L jjl?U! UJl jja^ 4 (j ^ (°F) d jl y>JJ ojL^ 

0j . (J§ ^Uil , <d«jij 4^r d—oO& j^-S A^rji 0j . 0-X> d . ,.ll do lo V j| il 

(JL^Jl JjL-JI fill OtJp aJajiJj c+32°F ^wJl ^ja.* c£ j*"** <J (JU<aJl fill -XJb*- jl g ^il X>-j3 
.+100°C su-jjdl +212°F *^1 Jiljjj c0°c +32°F ^ydl j— »IjJ -+212°F 

.Lj : ^ 5J -459.67°F jjjai^ joivaii <>- c^jLaJ 

^1 d-oL^j-g-aii ^jA jo>dJl oLL^ Lp^wi< jXS^”S/ ^ ®jl do L?r doLl^p oj 

x>rjj) C c°F ooli AjJu> djl ykl x>rji F" .c3jJ»I UjI jj jJaJ c5 ji 

Axj-^aJl oJla ^JL>dw-l c°C <jj °F £j* ^Jj jo>dU d-*-^d>-l lij ,°C a j-Xi> djl jJ-l 

F= 1.8C + 32 

dJ-* t°F °C < jA df.1 jA Jl ^Jj y>*j} d-3sd>«l 131 
C = % (F - 32) 

V} t(32j t%j cl. 8) 3aai Jy*L& j jl doV^Ui) a-XA ^ Ji 4j\ ja ^J\ ^Js* 

0 

,oL> J?\ J^i kiJJi j Ls^Lj UjLipI j^j: 4Jl 

<jy ^ jl ^iJ ^Jl dji doU-jJ oLLjl! (3-11) ^5 4j*^v? jil X^*»ljjJl ^1 

J^ij + 1 50°C j-50°C 

C°F 30 <^£jL- -J Ul ^S- jT jA ^ djl j£-\ 4o>? -ji ^P L« L*JU P 

j < ^j ti ^LA, ^1 p do if. I ^aii cLo jAj *maj ^1p og-i j ai l o j — ^o 

,d-jL^j-§3 ^-La^* ^Lp Of l^aJl ^jA J a_ai V 9 J,i jo>- 



ol jJtij J 3j1 <£*^ J^aill 



4-UJjSuli iJjjajll iLlLLttC- c d^A :(3~11) 

• °C (ja o jJlA-a lLsL^jJj °F Clut$jj$iSlj dj^La ojl^xJI 

(2-11) All— 
(2-11) J* 

CjU ^jl1\j 0 j Jjtll lj\ ol?rji jpxlj SjijL^jl dju^aJl 4 _L?L_«j ;3jL*<ll oJiA 

\ j***l LmJ\j 6 j«AJL* Ojl 


C = 5 / 9 (F - 32) 


C = % (72 - 32) 

= % x 40 = 22.22°C 


d»i_& (J5 


tiJJjJ . ^y*Lfc aljajc* OjULj 0*V Jaii <jy*Lfc UV^ ^ a J la \jj ^*- 1 JUaj 

,22 C' \j 4jlaI^LL^ ol ^^ *<hfc% *o ^ .. . „ i 





(3-11) 

?80.0°F 6jl 4j>r jJl! djJJL* djl 4s>r j2) ^A b» 

(3-11) J* 

|%3 l-bfc ^ J! ^aJb df.1 yijl ^Jj jj> 0 jjfyl d-Lft JJ- jtli ji^ .Ips - y 

cii |*3 Jh l-^A J Jji- f y y~~L* Jl O-jli J$A Jb df.1 J*i\ ^A 4-JbsJl .^aL — *Z J| 

.y\A j yA+ ^|JL>ul^l i_.w ./all ‘b'y 4-Jlii! 4 jL J aJl ^*X>C-w-J Lpi 

bili i°c jj °F y Jj 4jLL-Ji Awjyall 
C = % (80.0 - 32) 

= % x 48.0 = 26.67°C 

obi ^a]I <3 *1)1 £ "4j ^^f jl^l L*1 p *j*)l 0^/1 Ijia L^»jj Ja j 'y Lpj 

.jjiUJl oyj^l j, jbl jyii&O (vi > .273.15 Lib (/ jUi K Ov^' j °C ^-JLJL 
Sjt >» i-rji jL? a: cJlT bl . U -_^L, ^Li. ui J) 273.15 iiUI v — £ Jb_Jb J 

bl i ^rji. b o L 

AT= C + 273.15 
= 26.67 + 273.15 
= +299.82 K 

(J yfiil jl ^bLc . *J_»Lfis »lj jl Aj^Jj AjtJji* ^>- jJl oLjLj 01 lx. .jjjJsi\j b«jj <_*> jA j 01 W — + ON' 

.+300 K ^ Ov^ SjJO- ijt >1 Of 

SJjaJI 3 ajJ (Jeau 

t jl <uLJU- ^Jbu . d^lil y 4JLjP S^ 3 -^ 3ai-^aJl jl Jbj- yyi jl djl j^j 4j>r jjj 

^>-Sfl j^bt* y j^bill { j^ JL) . jl 4jLJt>-j JjLP j^l*ll 

JaLualtj cSjljaJI 

* * 2 

JJS' ^.Ip jJl jljJb* ^JL P JaijaJl IJb Ijb (J ^ jliJl y ^ , **> 

* 

tlpj OJL>-l .jbJl ^* L> ~ tj^UlS^ cb y* j\5^ lil .djl j^-l 

Lj>bai^-I lajtjaJi ^cJLL^ ijliil y -bjil Ailjal jj^ I dLsO f-lpjJl cbbt>rj jbbl y y. — i 

bw? f jl) jbJl i yA £***•* f Ijl3> (^ y£. wJLyg jl ^ 1^1 4 — ^5 

^ £ J , * 

b *JbiP djycvaJl ja,U ^.l^jil 4_JLp jJJwiJj .f.lp ^Jl ^ ^ * *i^ 3 1 ■ . fl ^ -l j^ 9 C^l -?+ jb>- 

. il y y^»S ^J\Jl» 4>- jJ /^P jLJtil ^btj^| L^-bhtl^J 



iJl^l Olyuj lawiioitj 3jl \ A^y IjJLp ^£$1^1 


iajuaJl jJcj iV>UJl J JjLJI frill ^ y* V .%li V y ySl jSLio JilyJl o>y :T 

.^Iju till ~L»J*0 ^1 lil l^pLfli^lj Sjl j^-l Aas-y ^UjL Aj*)lxil Oljw\>- ^lp AaIIaj ^JJl 
©jl j^-l ^yiyL* .^^JJU tjli* ^A JULt- ttlll AaIi^tII t^Jjly*Jl ^jja _ ju 

.^CJLoii Ja^jJl 

Os-y UJUP tOjI J^i“l Of y *-Aj y l*JULP oIaJI 2JU-I J} 4^L^aJl ^L-C^rVl J 

0 L*jlp yS^I iijjul* jJLj Ja .o'b/ll-l < y (3 .iXoJl IJa li?-*>lj V dJ — jl .ijlj — 1-1 

'b/ oJl 4-^jj .V ^JaJlj ?20°C A* yll ojl y- Os-y 0 UJup ajl* 30 C A* yJl ©jl y- A>-y 

cJuSC* jl o yJb ^5 o^Jj ^il toll— y y)l (J JJjdJ A-jUj* 4 «)a©l l .y-*aJl ^Jlj AjS/ (3 yJl <S j* 

4 jja3 Cjw? j .y^l JJUil y yi5"l pa. at? ^j^Liu yalio jl li-iljc* JL>-I ^JLo L*JUP ^.iJJij ttl j — 1' 

o' 

. LgoLio I jl Lgiliill aJ>! y Llo tjL>- pi y* p yJL ©-l$5^ 

(STP) ^**1 Afl JaaLuait j 4y <4 Afl S J yaJI 4 a jJ 

la*v?j ©jl y- Oj-y j} jJJij t(STP) (y^ JajiyoJf J A^LaJi /;/yl/ O- j-> frLJLiill 3^ P 

( yLJjjl jPr IS| Aori yC 4 JII-I 0 . IA-OjJJ y^C <PjL^fclJl^ y*; iO L— IaaJl) y 

o' 

. l>l^r OlTj ^ jJUtw* 

.^Uaii JjL-JI till jl^ajl AlaJsJ jl JU^- ^LaaJ ^A j t(32°F) 0°C ^A 4-c— L a]I 0 j\ yi*-l 3 ?rji 0[ 

.(30 in y JJLi Ji?) 0.760 m apUJj! y ^ yip -k*o £ 5 *^ ^1^1 tlyil Jaio y Lili W**/s\\ 
1.01 xlO 5 (Jl yji t(lb/in 2 ) 14.7 l U*o JJJi yil^j 

.(N/m 2 ) jsiVi 

UjLt .A-i jyyM l^S/ tA^lA 4llS^ f.ly^iJ (jlj V y^- .40 aAJ 1 0j j./J) fr-lyil 

* 

0~~>- yi y^Jj c*>La till j-Lj yjj laiwaJl y y^Jl; y-iJ yJ t^-L— yy j Jaii y yi y j — *J' 

Lj yj ^ jL*J STP 3 < -3ll^l tl jll 3iliS^ jl !tlll y ^yJ Jj t^il* y 3 ajI yJl till y 3 Jj11I p»^JI 3jL^" 
<i y t4.00 m LyU: jl ^ t4.00 m y j 4.00 m Uyi? t'y^l y Wai OjJ . 1 .29 kg/m 3 

t(Jjjl^) IjjJ^I Ml 3 j 182 Jl y? jS/l ^iUrl 3 -82.6kg c® ji- — ^ ^ j— > 

.0-*r ^Ij J^j s 0jj 

^ ji JaA (JriO&lIt j JXuA 

ySOj tA^Jall aJU-I Ul . djl ykl A arj^ ^-Aj y L*Jj^P J>Oo A*lp o^L* y» 3y- sil>-0 Aj 1 y?j ^1 

^Ul 3^41 . yy ^ JL— A>-ji Aa^oIIj t^y 1 ! Ajp y« y^l A-lvaJl ^L*Os-S/l yJ* > 

trOv^'^ cP 9 ^^ yy— JL— A>-j-5 JS^J O^jij) L-JL^> ^>r yp jl ty y jl t^Uj jl a3 j yj 

. ( j2jli JidJ 



SiOJill tUjJJt oU\ 


* • * * s' 

iSJjyX) lil Aj\ ^'-X® £jA (J jAka <JL£ /» )fi*A ^ lilj ^Jk/*L*li ^Jr^i 

iflj .rc J uif.i J i>» Oj^j lij Lk-J Ojou ^ajw=> ^laiA-l »X*Jl jo*!-** t2°C jl*XaC. 0 j( j ^-1 4j?t j3 

# 

jl AjL^JI (J ^-S^alw-J t^jUS*" 4-Jlp Ojl y>- OrjjJ liJbc* .jJJJU 3jJb- ^Jallj Jb?-jj 

clr 4 <j^ .4**^ ^ j«xl Sjl j!j~* 3 C— -ki bl (J-Jjjl XkJSrtXj^ . J >^1 j\ ^ ?- 

.Sjl jJ~t 4*-ji aJV-Xj J jiaJi <j oA>j^ jlJLi* ^Ji 4ja y ~Jl aJlpUJl ^.jaJ 

7"* jIuJLc. oji^^-1 Orji ^-jjd ^oUJl ^ia^-i (3 c3 j-a-M i_3*^ ^ u^*" lid c4-«L*Jl aJLA-I <J 5 

> 0 

^Laj^l ^wLkjd J (J-*l»*i>l * i cd jA (^liL) ^la^-1 oJjv La A — ?-jjJlj^ 

aJ^IaU oSj* t((X) LaJl jOwaJl ^.jj^Ui <— i j^-L 

a = s/(dT) 

£3j ^ptL , J . ^lai^l JuJl ^raalj L* JLLP ULw jy*iJ t^JaiM -X*J1 .itajj L*JUP L — >? ja S jj »«i 

^ JliL I 4JL*w .*_*i OjI C-^ brj^ ^y 2 A>- <tT djl A^r j 2 (Jj ^JtXli 4^?r djl^^-l O-’Lpr j.5 

.r s ji^-i 4-?s* j3 3 

0>1*X>- ^jl djL*P (3 jLb»Vl j */3 •(_/* Orj*Xj\j jillj jXllj ^Ja^-I wb -X^ 

,/° C j*jiJ 4>*jjJlj d jJLL* A-w^Jl v al JUL J 

(4-11) Uyu 

kiJJi jl j&\ ,20.00°C »jl ^’’■j - 3 i J 10.000 m aJ^Is Lij*^ \ ■■ ., ^j« jj*aj 
<tJa3-\ JJU^U <Sj> I >1 J^uil yk L. ,25.00°C Sjl >1 J 10.025 m aJ> 

(4-11) J». 

5 0_)5o viAJjJ ,5.00°C j'JjL:. »j' _/L l ^ jj S^ljj 0.025 m jlJir. c-.. ^al > li* J_jl> Jbjj 
t2jijL-Jl 4i*^a]l <3 oX^ . T — 5.00_J td = 10_J c = 0.025 

a =0.025/(10x5.00) 

= 0.00050/°C = 5.0 x 10' 4 /°C 

,5 t^\jXj aaJj Li*^l L^k 1 j ak (^y*La L*1 jja 

(5-11) U**« 

8.000 nr* \S X^~. V\ a^s«>- a^lll oJL& . 4 ^* bli ci = 2.50 x 1 0 4 /°G o' 

4^ juJl 4?rj^ « i . .i<g.a£i bl . _ ■ w^J.' 0 j^***m ^S" .30.0°C a 4 ^ (3 

?20.0°C 


(5-11) J*> 

j-* i_~*^Il j_y* ^ 0 ! o* - i - ) ' kiOi .a i_i>j y*j J i«iS^ iJiOL. ^*^11 ^ 



Jaiuiallj Sjl ji-l i ps> <^^1^-1 J .£ all 


^JUlU ^J \ I liij jJt I*~* o^lll oAA 

Lk5^ A*Jl 3 j**Xl A£ 4A*L*Jl 4-*l*Jl A* yi a\\ <^3 y o^lpl 1 11^-C 

s - adT 

* * 

01 Lc. ,(^il>) JjS/l ^1*4-1 -A*Jl d « jl is* ji jm T 

ji c8.000 j-uU ,.«&» jJU-l) 2.000 m y> j£J J J />!! J >JU j^-Jrl 

JbiUj t f= -10.0 dj& OJJD ijt >1 01 U .(8.000 7 ’ 

a = 2.50 x 10‘ 4 x (-10.0) x 2.000 

= -2.50 x 10' 3 x 2.000 

= -5.00 x 10‘ 3 m = -0.00500 m 

2.000 - 0.00500 = dj^~» 20°C ^ ij*~ Cj* ^ y~ J jb <1)1 I4aj 

of Uj . 1.995 3 = 7.940149875 m 3 20.0°C J v_-«£ll dUJLJ .1.995 m 

.7.94 m 3 (_)) IJa j^j coIa o-\JL* oULj 


SjIaII CjVIaj SJ jaJI Aa jJ 

Jajujg jf jl ^A^vOl j^p $ LAX sXLv^j ^ ja Lili lLaAj jf oAil Ajlp 

AJbM c_-> jAj L*JUP *>\j> dJL5i> A*~ . ZJlJ-f (J jLd»-S/l <3 l .^/ajL 14 jl Jjlj L* 

,jL£ ^ UJjlp ji JjL* *L» ^_~LaJl 

•laaallj (Jbjill 

j «j j ^)jl< ol^s^ ^5 ^1— — Jl .| (3^ 1 (Jj L*jl .^lli c^c - Xa I I 1 * . fl j j *i i^ L) — l » iii) 

^3 OLS - ” L*£"" L-*T aJ3t! . L*U 0 °c (j>jL**» 0 jo»«Jl (3 c53L*-*iJI 

Lfj^r 4j\ .jJLirl L<T £jtil A-Jlo 4j^ . Lt t^JUrl OS/ li uW2 1L* 

.0°C c^- j LiXta 

diJrlj p 1 JjLJI ^lll 4_wJ ^ , V | ^7 ,0jl yi-l 4j>rj^ ^Ujj! I ^-4 ^jlil IwLa> ^-*-yaj 

01 cil (3 *^XLirl S-’jXj , 0 °c <Jjl j>~ (^aJ v-^ 2 — ^ 

y w 

^jLli Lj p 4JlJ_ 4 Oj^xOl y J ^Lyflll j A^jjdl 3>! Ji3 .4»jjbX« AP ^»o ^ 

J l^jUJl ^ OVl OX^-^ .1 -^ jXj or c-jli aj LaI y ^LaXI J3 ^ J *“ L>JU c j 

djl^Xl lA**4> latf > LaAiP . JULirl 0°C ^|jX«Jl ^Xl ^i*x**> ,4 j>-L^JL 

<3 *Xl Ojl j>- 4j>rj^ JflJ&xSj ^jl ^Xlj ^ijall jt«4J . lJl> jX- 1 4jli J U 0V1 jL^^L JbP 

^L* A^^O .0°C AXXtI lAA Ojl j>^ 0| .A^>«Xlj OjO^Jl IAjJJ .0°C (^1 4j l^-L—Jl 



JijO&Jl :JjSt oVJl 


c ^ 2 — - 


<3 .IJU^ lwLL>r- 6 jO* 

<» # (» 

4>- jJ> IJLJ tL-U? IJlW ^Ja*Jl ^c, : yaj liL>- .(f.LLi ^ajaJli 4Jl*JL ll ^ j j 


Jijk. 


ftUlj vJUJl jlU-I ox J^UJl ^k-Jt 0°C ^ JUi £.j tO°C 0,i l* Jl ^Ui^b ijl^-J-l 
.0°C jSJ ^jA jaJIj jUUrl Ojl j>- J1 ( v^Cj . JULiO AA-J^ . jjL*Jl 

taXjjiJr’l ^Lp Ja^Lw-blil ^JLtll 4-^5** ^ d^Lw«*# ji-* ^ 4jaJLj£- ^P ^jLp 4>-ji - L»J^u 

.^-jUJl *ljAI *j{ j* 


4>-jjJl j \ j >" (3 jl L*^ajp djl j>- Uli f.Lll djl j>> 

±>r j-waj .(4-1 1) J^OJl (J jil <^>^.1 V-o Oj' 4*-j.3 £^5 jJJi ^y* 'Jjj .0°C 

f-LLl djl y*- ^>rj^ <^JfL & . v^> (3 j £ I 4„va >«JL* f-ljjl fljl ^t^aj j $1 <3 ^jLpI fclyil fljl j^- 

.-L»^l*]I jl OIjjOJI JtiP 


pLoii s ji^^, 

c 



e-Lai! 4_^.yi 



0) w 

S AajJ £Uj ji (1 ) ..uVvjj cjji^ Uoj^ fl*A :(4— 11) JiOiil 
.fUA Xcauj SJj* (jiliiai (ui) 


jI$*aj¥I Sjlja. 

4jI ^>1 yjl L jp tllSLJi 4 JU-I <jl J ycA 4$lUJl ja ilJjZ A^S 4-JUaJ! olU ja <X ^ ^JUL^U* 3 

ijj^a}\ p \ a *Aj c«.lil ^ja J5" £^j) uy^ Cr* ^ ^ — 3 01 £j — ^n-C 

f.U ^jA Oj^o t5JLil -i-Uri 4JU“ (3 V-— iki-i \ 10 * 0^1 *il p 1 AXAJ 

4^-jjj ^Uojl ^jjLwJl j-LlI ^ja 1 g ji 0°C &j\ j>~ <>- jJj wuUrl ^ 1 8 t) 51 cal 0.1.1 cc3L^? 

. jjLLI jl^ ^ni o ji**! ®4a djl j3“l 4*^5^ .0°C fijl j>~ 

(jj J ur o°c dji 4 ^-j^j < 30^1 jjlji f\i\ ^ 1 g x*jz i^i ^ }^~ — ft j 

s* * 

jt*Aill ^ oJJJJ .ojl jJ-l 80 cal 4*i^*Jl oi-A j 4j^i tO°C 5ji ^>* ^-j*^ IjlOa" J 



iJ \i~\ u\ jMj j 5ji j^\ l*ry : jJUp 


^>* jLS3l» Uajl fljl^>- jr^ J&l .(cal/g) fl ^*lb 5^ jl$-*a — iVl 5 jlj — >■ J — P 

jI JpSbi aj jL~* (kcal/kg) o jXaa jl^VI a* ® ^ J*^' 0 j&j (kcal/kg) flj — p ji-£Jb 
<-~£ tclil jy (£ y\ oiL* AJJiii oilil j j£j L*JUP .^1 jil (Cal/g) jl$yai\i »jl ^>* ^ — P Qj> ■■ »li 

.SilLl jlij jL^-vajl/jU-#4 aUJLj AJLJLil <J 0°C Orji JlJ-l**l 
^ (cal/mol) c J ji*b 0 Jj ^J-b OL*-Sfl j jl^aj^l ^jLr^ <j* >5 — c£ j — £ 

^ Aif Jp jJ6 ji ^jfz tj jib l jj ji-\ o!Jj»j ^P j*>lp^|l j£ jL lil .plj — *Jb 

o^lU ^ A^P ^ oi ij^til ji Ailyail ojl y. U bj^jj /j f (fl^*Jb * ji j^“b) jI^aJN^'o jl ^ ^y j 

I^^Lp 4JI1JI Ajfcy^aJl ^^aJJ tej c m y ^)b (^1 ^*lb) AJ«*t!l aJL^J bj*jj c/7 Jj* jJb (Sjj ybb) 

h { = h/m 

(6-11) iiLcA 

\ Sill I oJla ^ aJLs^ aL 5^ Jj£ . +400°C aj^-jJJI (j oib* ji ^lil 

^ '_/»( .0 j4*al\ j 'j»J Li ii^Jt sJL* jf ^ 'jdl .+400°C iw-j-dl ^ 1.535 kg 

U .+400°C i».jjJl J JJU J] ur IjLyij oilit »JL» ^ aiLJl ^ 142,761 cal Lit 

?dilii oijfc dji y*- 

(6-11) J* 

Li c^i y l^L y jJL^Jb aIi^JI Lujapl ,oiJL>* jJi ^ jt ^ tNji 

Lu^j:. tjJLliJ .h - 142,761 cal LJapi .m = 1,535 g a^^Ij .1.000 

AjijLwaJi 

A f = 142,761/ 1535 = 93.00 cal7g 

. AjjJi ^jA <L>!-j jJI oJL4 jV a-«La aajjI jjjJlJL Li y Jiij 

u&issn j 

tL*Lc +100°C cii*i flji j^* a>-j^ ji .{.lii Aj*^-P jv>*-w*J Jj jli $ y Up^ 

A-— Jj j£\ {.lii Aj-w-J .flji frlii 1 J^j . J*j jLijtJlj {.ill iJL__j i 

LJl Jj£ .iii jUJ! clil jr ju, Ijoj .+100°c 5jl >1 ^ JiS cjS^j .Jit JjUI cl — Ll 
.{.lil dlJj-l^-lj ^S ' jJl {.I jAl JT ^-1 ^ c jLliJi a*L^P {.LjI Uj6 L Uarl i 

.clil JS" f-lll t^Jb ^^^5" ^jj yj t J j jil ^ y~ ~i 

^JaP^I C^J^^ J^«J , + 100°C jl^-3^ Ojl y A>rj^ j J^J tJjLJi y 4yT y \ cli*P-l 4 jaJ- 

j 

.{.IpjJI aJjIp o^yr °y ls^ aJI^w*^I 



.-JjSlI 


.jl j> (j U®Ujiv»jj Aijil l j& JjtAiil If LpjJl U-L*,? lil *J U I_^ 

jl ..jJKJL jUJl Lu .+100°c Jl il^Jl J jUJl ij\ ^ A?rji JflAPxJL) .i^jl frill Ja^l jJ^I 
of ^^oji ^j> .jUJi jr ^ ^i^Ji .+ioo°c j*ui fr iii ijub 5ji ^ ^ 

0*1a AjU jJjJb ® J^-ta ^\ ^ll Cj* J4-a) (IaI^JuII L» .Aj^IaJI A^* frj^r eJjJ lSvJL_j 

A>-ji I.XJ tjL>%Jl JS" lll>- d^JjJ itajJ . J>-IJlJl <J$ J JJ**- 4 Jl^ -J^Li^-b Aj ^ p««jj| 

.+100°C U Jl JfbJl Sjl >- 

J»iP J*15" J^-£u frl^ll djl j>~ A^rj^ frill djl ^>- A^rj^ ^-*X) V j Lg *^S ) V I aJI>- ^A l 4*^" 

frill lj\ j>- A Jrji tdlii . + 100°C -* A-J^* ®jl j>- Aj>rj^ (j JjjUJl jl jy>u« ill >- 

£frljll 0jl^>- A il^JJ d ^-^M-flJl ^ »(5 1 1) c3 ^^>*-ll AaJUj 

^ y>-S/l jll <JP*i jl JUj b»-UP frill djl j>- A>- 0;«* .frljll fijl y>- Aj?rj^ 

.uJjjl^O? jl ^bu L*-UP Lg.^Aj A^-^bbl 



ebJl bj\j^. Aa,jJ 



pLall bj\j^. A_akjJ 

c 



(') 

tA-LoAxJI AjjjJI o j\j*> A-Aj.i j|jlj3 (1) .<■ fljlSTnj ^i*J La^JC- frLdl ’, (5“ 11) 

. c_fljl£j4 frbfcll JaJj A Uj-V *\\ 0Jj\ A^^p Q n ( 4 - 1 ) . JSUl frbollj 


jM' SjIja 

uT^' ^ (JT^ tAjjbJl Ajbbl J y^zi AfUaJl ja l* Jl£ Aj-ai^ aL'LJI dilll A^ ctJLi^i-o 

frill /y* 1 g Jj j^xii cfrlll aJI>- (j 540 cal -Oi^bbi ^Ia ^ ^1 J 5^111 oIa j^Ijj a- — sl^| 

A-^Jl oXa jJuj . + 100°C d j! A?r jjj (jb^aJl *lll J^A 1 g Jl +100°C 5jl >>“ A^rj^b Jl 

.ajilf £jfj^>- ^Ijll 

(3^^ +100°C ®jl Aj»rjJb JUaJI frill jb^ 1 g uJiul^j li| C^mS^IaLI jJjLaa^JI Jj 



a)U-I Joiwallj 5jl 1 J-^iil 


© j\j>- i j& j>*dl (£ ® jLt^ Cf* ^40 cal aJ^aJ! aj-fc (J t+100°C ® J* j*~ ^ \ tAJL* f.1* 

jJL^JIj UaJ tgjp j±jc$\ JJi .(cai/g) fl yJb 5jj jJ-Ij jlg-*su^i Sjly- olJ j>-j — > j — >«-J! 

.*\ ^ii ^Jr jJJij cal/g fU jL ^1 Uli L^jjj (kcal/kg) ^ jPjL^JIj *j — j y 

ji-L? lJ^^^/OLwLp AjbJLj +100°C A^r J-2 Cf-lli jjp (.£^>-1 d-iL* A-ixil dill! j j!>J L*JU P 

.dilll 

(J^lb djj j^-b c jLg„ya.*^M djt ^>" aJL>" j5 djl^>- cOL>-^/l y7n\ J5 ^ j .,.j£ 

* # 

. 5aj LJ! aJLU dJJi JUi ^ .cal/g (cal/mol) 

^ A^Juiil jl AiUail 5jl y>JJ \jy j blj t A y jJIj yt)\j djj j — >e-Jl 5 j 


U- 


bl 


aJUI aJu^aH jU t/w y* (^ ytta) a^jJI aIiS^ J,l Uj^jj 4/7 y* jJt? (0 ji <bOJ ^ 


■■J- 


h v = h/m 

.hy a^jiIU Lw? yt> LJl <, l a> jL^vaj'i/l 


Ajtj-^ L^l 


(7-11) *JL- 

Ojj S^lil 4.U& l # £ jl ^ j3 1 ,+500°C 5jl ^>- opjJj j ^Liu l)i t j^ 

L* .845 cal/g « 4j'^p- 5^_» d)l .+500°C i»r J-*l^ t67.5 g 

J3LJI ^ co^j j> - jJL^JU J djj djJX» 4 j jllail djl jjM ji jjk 

(7-11) 

, ^ 

Ajtj^il ^Ixj jl ,pl yJU djj jJ-Ij 0jJjL» hyj ^ ytllj 5jJX» /w iLa*^ * Aiil y. 4 L j|JL>-j 

jJJ-ij ^LiJl ^jSvjc . ^>-1 oL»h5" a]^Ju h ®jl j^~l ^*aj L^JUj 4 <iL«Jl 

:aJIi)I Ai^w^aJl L ^Jje- J-ysa^tJ i/W A^JJL SIjLJlI 3 J*^- 
h - hy m 

^IapS(I J 4 — Jl jN'j 

h = 845 x 67.5 
= 5.70 x 10 4 cal = 57.0 kcal 

^jA A>rjjJl di-4 dUax> oULj jSl C A^>La ^UjI Aj^Aj J,[ y _ jJLlllj <_ r >\ IJLA> i^-j yH j 

.AiJlil 



iijg&ll :JjSt oUt 


J*J* 0 


il 


??» 


4--J it ^j£* 1 " ijl oJLj^ 4.^. *7.11 0 d Jjj •XjS' • A ^ll \S-& ^ ^^3.1' Jl J P 

.^b&l iU (3 d.3 ^>- 4 j^>-S/^ Of UIp 

jUj! djl ^ 4j>- U r ^MJ Of - 1 

.jUi Jl 4j‘Up (a) 

. JJL, Jl (b) 

.cUUaJl tlp^Jl JU JaJwJ J-JaJ (C) 

.iJUO LI Ijlp ^yU~- ^..4^1 V (d) 

Of ^>1 . 1 .355cal/g/°C 5jlil cj ^ j . JjU ^ 1 .000kg ^ ^ *LI j ^^il .2 

#» 

5,420 UjIjlI. 4jll? Ju <_£ y»r <jlj .+235.0°C I djl ^>- L*U c^jU*j Ajjly>- 5 — ^ ji 

Sjl j^l <jUaj f-L^I JjLJl SjI j>- os-j^ 0^Ssi*x .5 jI j>- JjUJI J| cal 

.+235.0°C ( a> 
.+239.0°C ( b) 
.+231.0°C (C) 

.oL JL*il a Jl* ja bsL^>- J (d) 

(BTU)^l^l ^>15^1 .3 

. 4 ] jjuil ii^Jl AiUaJl cSilJaJl JjSj Jj*/* ^jP (Q) 

.Ullaj^j (j f.U-L*ii I ^ 1 U at gJl a jl ykl aJ^-j ^Jt> (b) 

. 1 ,000 cal iS jt~J (c> 

** 

• bl^pl LfrU-j yCj dJJjJj Oj^J' ^ -UiJ (d) 

^ - *j jl y- **■ ji lS y* -36.000 °C ‘^J'y- jJj 4.5653100 m v-i* 2 — * .4 

J*Uil y> U .35.552°C c-JVTj ijl >1 a^jj c-~* .4.5643000m Jl J > 

— j yu J^io OJjJ.1 l4i ^lai-l J-X^ x l l ^jl ^J-l 

•0.00225/°C (a> 
.4.94 x 10' 4 /°C (b) 
.2.21 x 10' 4 /°C (C) 

. L-A 4>-La1I OjL*^1a1 I t ^y 4-Aj.X#- *)} (^1) 




iJU-t ViAuViltj 5 jt ji- I brji : ji-£> ^aU-t 


4jlj 135 g <ojj o JL& b £ .+217 °C Sjl y~ ^l*j S^l-* 01 ( j^ ^1 .5 

5jJi* tijl jIjJL* ^ l* .451 cal/g » y-*0 5jt +2 1 7°C »j1 y~ 2 >-jJ j 4 __UI^j ^ 

?j*ir jsLi, jjlji ii» ^ Sijj^i <.ij.j>- jSSs\< 

.6.089 x 10 4 (a> 
.3.341 ( b) 
.60.89 (C) 
.0.2993 ( d) 

J! «ili jV^i »j\ y- jyio .6 
.{£ jjj J^-Loj ^ ® jS (a) 

. AjSjI^j OjI j>- A^- jSj jLp djl (b) 

.0 jL^ 2 jI OjI jA ^ JUg p-~>r J t i ^j A^j*>LJl Ojl ^J-l (C) 

<* 

, I jLp Lfcj ^JjLwwJI ji/gj ^JS ajS a^- ( d) 

l* J a Ijl ^J-S A>- j-3 Oj .7 
•0°R (a) 
.0°C ( b) 

.0°F (C) 

L* ajS^p- Or j-3 -OrjJ V $Li V (d) 

5ji Or j3j cs-IiJlJI cJu<ai^* Aj I .u3jvi^ ^JL)Lj cJli u4?j jIjJj yuio J ^li JU_*- ^ — * ^1 *J .8 

£ xs V cjt ,40.2°C ti-Or jj 3jl y>- ^UL* j oJjjI a_*-jj C m>J . 0°F c^- L*-jl>- 

^ |*-w*OtxiJ A-Jujfijl Ojl jJ~\ A->r j.i jl £ XZ ^L50j CC-jli J»J ^ Jj J0>rj. Si a«. , v? 

?J 01 liL. .40.2°C *1 >3t AJ >*t j oJLJ> c~pAi^I .98.6°F JI ^ 

. i-lil L fZ*J <— ■* j**iS .A^jjJs (jJjjl Jp- Orj3 CjjiiJ V (a) 

00 

. 3^iJ 01 J j\A ^ j J,l U jl»i oJULaJ . oJu jlO oJLaJ" (b) 

* 4 

JjLJ .Ou^jaJl lj\ J^\ Aj>rj2 *>UL5 AjadSfcl^ OJjjS ^>“ A^-j3 0} (C) 

Ojl J>- h>rj} J Jik>- OJbaJ ?^Jiiajc4 0 aJU 5"L ^ ^Jl O.^Qai ?cuUi IM 4 (d) 

. *5 j-fto jl J V .cjU^^ fl Ai oJLUj L* Ijl^-I 

.+30,000,000 °F ( a) 

.+ 30,000,000°C (b) 



iujUUail : JjSh 


.+ 30,000,000 K (c> 

0j\ j>~ (d) 

3^j ^>- ^LSOl .10 

•°Ar^ <a> 

(b> 

(C) 

.Ja jwal i (d) 




mm 


' A 


sal ■ 
*> 

: } ; :- . 

■ 

■ 

-,■.■•■ 


: 


J Jrv 







. •• • 


l^^io VI 37 til 4>w3l o . jl~>-VI j laaj Jj — p — 51 ^1 >\ a * V 

<3 ^ j^rSfl ^-Lv» , c_*>L^Jl 4 jL^ <3 y* 4-jj^rS/l <jl L^jp 

lit ^ a y* jL>w» s yi ^iJlaj ciJL^-C. ^UJIjj i^Sfl /jtf J JbJbj cjU^I dU-U^J Sp g_4t 




ylSo Jjil .1 

. ■ 


■ 


JO* (a) 

. • 


■r A ~ ^Aj^iW 
. 


>c»lj (C) 

. 

.^tr (d) 

*. >\ " '*Cl'^ *■ .! 

.erg <e> 

o-^i J <>> ^jL-j £$& i^;yj2 

# 

.^dji ^ UjU (a) 

. 

, { j^j*>U <jVI ^ ^iJLI (b) 

. u ~^i\ »Wlf3ui> (C) 

- y Ijg-t .' < 

•cr— ^'jJ - 5 45 r— * ls^ <~‘ u J>»J> <<*) 

. d yi*a ^U-i <dl iOl£w» «*«3 M (C) 

?^pUd \~*£S V SJUi oL^Svli <^! .3 


;-'L : : 




(b) 

<c) :; 


hJJH\ frUj-flll : J jty vU' 


.ik&l (d) 
.5^51 (e) 

fck- jA . I is- r Jt ^ U .(3.00 hr) oIpL- 3 £ 200 km iiLw. I jL- ys; .4 

18.5 m/s (a) 

0.0540 m/s (b) 

54.0 m/s (c) 
66.7 m/s (d) 

* 

,ol» jlftl! aJu* bU^pl Ul~>- jSo: (e) 

il JpUlilj JpUlil <JyDi y> u .5 

JpUiJI ^jJLuw V j <•(£ y^ ^ ( JpLoiJI ^jJLu*o (a) 

.cii-ta JpUiil V y^ £-bJji jUaJujl jJl (b) 

.jJJi JpUiJI k-.-'UaX) jVfSvJ j ail* (^jJUl JpUJl i^Uaa (C) 

Lji ^UU ^U-£!l JpUJI ^Jka (d) 

. L*lc j jJptiiJl *<j y (e) 

VOjjJij jjy J yJl y l> .6 

i\s^\ lil V (a) 

. 4llS"* £jA SyiJl Oj^Jt (b) 

. jjj 4 J ^ks- 5.4 Uil a I 5li$3l (C) 

.*)b L*l 4P ^lp 4-ll^Jl «X* J U u (d) 

.^kri J ^JLP jp jWC y OjjJl c55" y«Jj t- Kpr y jlk y 5l^Jl (e) 

jS (i>U iLUJl kill .7 
.5i^j jJli-k ^4* J* ( a ) 

.<s^A>*Jy» djl y i?rj-b l&yy ^s. (b) 

.a k AjjUJl 5Jl4l (Ji Uyall 5JL4i y ly]L>- jJcj (c) 

. J Jj Jjp V (d) 

. y (e) 

k+J jl yp! AiilU £-Li*- ^ .25.5 m 540 g is j* -oT J? j*\ .8 

.9.81 m/s 2 ^ Ji\ i-iibM ^ jL-j IL ,^k 
0.208 J (a) 



J /Jl *-/Jl 


135 J (b) 

208 J (c) 

463 J (d) 

1.35 x 10 5 J (e) 

?L yu ii il £ Jl ,iAU SJbJl ol4-Xl ^ .9 

( a ) 

. jjyJt (b) 

. jjyJlj OyjjJl (C) 

SI l) ( d) 

SI j (e) 

Sa>-j ^ -10 

.aJL^JI (a) 

(b) 

, S^Sbirl ^jL*J (C) 


.ojtyM 


(d) 


.»%c-( Jj_j if ijU. (e) 

»JLi ^a l> . 100.0 ml JjL-» *4^ j Sjj 1 .806 x 10 24 -L*- y .1 1 

1.806 x 10 28 mol/cm 3 (a) 
1.806 x 10 28 g/cm 3 (b) 
0.03000 mol/cm 3 (c) 
0.003000 mol/m 3 (d) 

.Ua dU^Ail ...>■ ^5vjr (e) 

? ji - 1 tLiaill (3 3.00 X 10' 6 km AiL~* ^Jyf> £^U-i If* J >£ — ; (^11 ^ l* . 12 

100 s (a) 

10.0 s (b) 

1.00 s (c) 
0.100 s (d) 

0.0100 s (e) 

OyO .13 



bJj£A\ frbj-ill : vM' 


. XbUJl jjP 4jaiill (3-) 

.4-oUr! J (J (b) 

. I-Xj* Xv 2 jX>w<> Oj\ y>- oL^j-Xi O^jjA.1 ^L*Or^|l (c) 

• j * T jjb JJ jjb ja jJu3 L --Up ^Ijil (d) 

.^l>Jl J oli.jA-1 (e) 

jLisii'b/i Jli- .14 

.till J*f <^.5 01 (a) 

.ojjb jf 4i/ Oj^ frill ^ ^tr j ^UaU ^ jJlJI jLi^NI (b) 

Sf 

.l-b* djl J>- oL>r j-0 tOjjli (c) 

•/ij^ J! ■ 5 ^ 1 *1U- js~ (d) 

.«5Ut Jj_) ur tji (e) 

?j l^u.'ill ( _/’j^U (jlyuM ^U>-iJl iju ( J-^j S^Jl-d! ^Lj .15 

km ua%* 10 (a) 
km 0 ^-L* 1 (b) 

100,000 km (c) 

10.000 km (d) 

1 ,000 km (e) 

?^US' ^ U. .25.5 g AihT .0.765 cm a jk* cJwaj 16 

7.12 g/cm 3 (a) 
33.3 g/cm 3 (b) 

57.0 g/cm 3 (c) 

13.6 g/cm 3 (d) 

,cjU jinil «jjb {j* UiL«»- }l (e) 

j 0 ja jJJail .a = 3.00 m/s 2 Uj1-U*j ijO jl-J sL^ il ^ .17 

* 

4i*5Uail ijaij ^ja If Jj I g«l tii ^Jl SiL-il 0 vXi~- j*S” jl~~» jjij il it = 0.00 S ■c-^jJl 

?t = 5.00sik~Ul j 


0.120 m (a) 
7.50 m (b) 

15.0 m (c) 



JjSi |*AJI 


37.5 m (d) 

.oLi ji*i\ aJufc UU~>- ^ (e) 

tjUil f 0sJl J .18 

N (a) 

.2lLT jl*jj V (b) 

JL Prji V (C) 

A g.*ii 4P^~Jl> (d) 

. A*— Aj dL^-V^f (G) 

aJ^^J AiUai^ AAAj <iJUL^J (JjjJj .19 

•JjJt' (a) 

■ j 1 * — (b) 

•J^-yj* (c) 

■ — f'A^ <d) 

.SjUil) J y>r (e) 

^jL*j L-- 5" yT l? 1 p a^lA-I jljJ i _ r S J^L^j 3,55 m *i' — * J-pSO 2.00 kg *^5" £*j 20 

Vj^«-lL) ( J-<uJl jlJii* L* .5.70 m/s 2 a^oL*- 

40.5 kg # m 2 /s 2 (a) 
7.10kg # m 2 /s 2 (b) 

1 1 .4 kg # m 2 /s 2 (c) 

1 .25 kg # m 2 /s 2 (d) 

. ol< jJLnil aJLfc ^jA 4jL*o- (c) 

d ^*-*31 {j^ O^"^- -21 

.AJllib 4j> ji-\j (a) 

. apLJL j>~ jL&I (b) 
.apLJI* Btu (c) 
•f'>^ V-y*A (d) 

*y y^ ( e ) 

.p.Lii*»lj ^Jj \jf ^ i^S' ^\ju^ jjtij .22 

.(%— J4 ^ (a) 



fbjsi Jl : JjSh 


<P^ (^) 

.p— *kS" (C) 

-P — =M 4 > (d) 

.p^Jrl Sjly- ^ y (e) 

.3*32 xlO' 5 /°C ^jl yU <L»U> 1 .00 m *d^k j-* J * *23 

J > t20 ° C JS 10 ° C ^ v^ 11 Ji*~i j* »M 

0.0000332 m (a) 
0.000332 m (b) 
0.00332 m (c) 
0.032 m (d) 

•i/V J> J jt ibjj V !M (e) 

?^l ^pjJL^Jb flJU ^jL-J p^ .365 ^xg S^lil 4 qp Ojj ,24 

3.65 x 10 5 (a) 
36.5 (b) 
0.365 (c) 
3.65x1 O' 7 (d) 

■ V dJL^Jl ^Li j£ <^JJl ^J^Url Ji>- dJLi Ji3i> JUIaj (e) 

4 J * 

QjLa. j i.fa** 4 ^1 QjLp olp ^J.9^JLfaMJ .25 

jy* ’/ills" aJ— iill pi— ji-S/I Oj^) (a) 

, oJLaJI pywJl j QjI yM (b) 

> 

. \ ^ ji i i/8 T i 

•J4T jCi, a^l ^ ,t>l (d) 

.5j y 4-5 j-> py- jJ y) (e) 

uLi- o £ = me 2 jjLlJLjI 4taU^ j-k* .26 
. a^LLa> d^L* — 02 L* ( Jx'LiJ y« ^4tJl 43 Ik) l (a) 


.*U1) ^JL J-Uoil ^ A^Lll tfUoJl (b) 
JjUaM ^J^Sv-ifaJ O-lnil J^LiJ (j-* <4Ul 4±lkJl (c) 

.ckl H£y>r dJL>-lj ...‘C jt dji ^V>r JjJLjk <_Jy kLj jl ^ Jl 4UI ii^Ji (d) 

.^lil tUiJ i JjL>»i)l jj^xill <b£” (e) 



J jl^-1 


4-jjlJrl iff* .27 
* 

.U> jA> 9.8 m (a) 

Xj jiJ 9.8 m/s (b) 

Xj j£ 9.8 m/s 2 (c) 

.L jz 9.8 m/s 3 (d) 

.Li {£** ^ UoL^-l 4 jp j*n £^L*-i SjUp • d ^-^ {£\ *y (e) 

;500 g LgjdUf d^lll rjA aXS* .+200°C 'OrjX -U **5$ 4^» ji — ii' .28 

iJU- <j djl y>dJ Ui ^ >lj .J^K" +200°C 4*r j-Ul J ‘Ul-^ *J 

orjjJL J^K" - j£Lio JJL- jl l$Jb UK" oil! a 5LU]I ^ 50,000 cal Ul J? jX\ 

?olll dJufc jl^ yail lj\ J?~ ^a U +200°C 
.ol* ^inil oXa ^ja LaJjJ^- *y (a) 


0.100 cal/g (b) 
l.OOcal/g (c) 

10.0 cal/g (d) 

100 cal/g (e) 

Jl y*L~Jl £tJJa^a> JWJ -29 

.4j jl*jl iiL^-l 4 jLjL*JI iJbUl oL» ^ja a~*a U*K" ^>ti] aj jjj^a}\ 5ji jX\ U^K" (a) 

. 4jLjU*J| aJLU| A;1 ./a it 4Jli-! AJmXj* A y+ff Ajj^j«|Pa, li Ay*X~ (b) 

.olll <4Ul d j! ^A-! (c) 

.oil I JUP ^ull ijl>l (d) 

.^Lil ji^uJ f jlp* (e) 

^A ^li tjUaJ I ^ a^aLa^I aJ jjJl oJj>- ^ i! .30 

•O'P (a) 

. ( _ r 50Jl (b) 
.^Ail&l (c) 

•J>' (d) 

(e) 

I 4^- j~~}\ i yo t3 jA L* .31 

.UlK 'J* ap^JI JUau *y j cUoU-! ^ <£'j~X\ fX*X jlou (a) 



bJJ£A\ tbjjiJl 


ip -Ui*; ^ j ip^Jl jujju (b) 

. ctJ-b ^jip iP^-u-Jt ■ < V j td jJiil ^i-P ip ^-Jl (C) 

^lp 4P JL«Jixj ^ ^ 4dL^^/l ^jip ip j-^-Jt ^ (_*■»>/ (d) 

,L»U? 4-~ii Jl j <£j~^ Jjuj <Jy t^i ^ (e) 

iiVJb i^lSOl tfUaJl JLjO^ ,32 

-r'-'CfJ* ( a ) 

'Cj S -T* (b) 

.iJliKj (C) 

(d) 

■j i * _ f , >A s ' (e) 

a~*P sJLJ» ^ l. .50.0 km/h <^_r~>. jjJ» li ji- 900 kg i jW*- J" 51 — s -33 

^6 J ■ ■ - l l aJLa aS*" j>- 

450 kg*m/s (a) 

1.25 x 10 4 kg*m/s (b) 
4.50 x 10 6 kg*m/s (c) 

2.25 x jo 6 kg*m/s (d) 
6.48 x 10 4 kgvn/s (e) 

toll! 4 lk ij\j>- ^ L. .jL^VI j* 28 Jt>Jt Jl ai .34 

. CaL* JLaII a JL a ^jA VxJuSA 'Z (a) 

0.100 cal/g (b) 

1 .00 cal/g (c) 

10.0 cal/g (d) 

100 cal/g (e) 

<_Jp 4— ij 5.5kg I fl'-lr^T ^ J» 4i«iaij tl.5g I i*lai JaliLJ — sr .35 

a ^rlfl*** (_ J j^l^aj i jjl || .*> l rl U 

. JwJ J j ^">5 fU 1 - Jl Iks' oV i fL* Jl (a) 

,j £ I SJij t AdL£^ Jc-'JaJl (b) 

i ^ilb j^i\\ > JL j*a~* (c) 

, aJUI j^p caI-x^-j 4.»*L— i. aJ V Jl^-jl (d) 





Jj jJjlLI ^jA Jbji (C) 

<ji £^ j ^/W^* -36 
.a~J 6 ij jA\ ^LaII j* (a) 

. AaIi^- j& <s^Ji AiajJj t L^wxuflj ^^LJLi.! <~I-jLi£jJb aJ (b) 

. aa]i£- jA^ail a] aiJ j cL$.*~i.i Ooti ^L a* oL^jJj 4J (c) 

jjj ^ 1 J j-^’ <-s J^* ,>* >-'j 

* + * 

.|JL?r A*j ij Sjl ji - 1 CjL^j^i ^^P J UP (e) 

?L*b aJUI oljUJl ^ <j\ .37 

. AP J*n ^ ^ (a) 

* 

. 4 .*,** Aj AP ^ [jum ©L^-lj ^ jLj (b^ 

. Ljlj aL^^I ~£>~ il j>*1a ^*+Jt AjiVt AP j~~}\ jt^i j' CT*^- (C) 

.oli AP C^Aj jJ ii j>*2a p-w-Jr A-J'y^ AP /jSv-C (d) 

.A-woJ-^ A*^S^ AP 

A^wjiiili cLjIj j ^ aoL>- ^jA lil .38 

. A-**jjj ^ya.^.,1 1 i_Jilii£ jilaj (a) 

. j-^p (b) 

•<^ J* 1 * (c) 

•cS jJJt J0*]| j >; (d) 

. o^UI Jjj If l jLp V _j (e) 

^C^jOfc ^jiJlj dJ-ft liL« .10 k jlJLiC. A3 Ojl A^rji C...«a"jI .39 

18°F (a) 

5.6°F (b) 

10°F (c) 

273.15°F (d) 

.oU o-L® (0) 

* 

Lj j£ (_£ jL~j l* jya:«S L^j3Jl iJbtJl .40 

*— tix* Lj y ^ ^Ap ^ (a) 

. dl jjJl J ^jp (b) 

. oi^jJl ^ <^ixi Li ^ 1 ^ wip (c) 





oUj^uJi ^Jp ^ (e) 

dl^Jl £^pt ^ ♦ til ^ <j oU^Jj 4,oUJl <J^j dji clJ Lc .41 

djJUll ^_j w?j J-bail L» t(^ ^>-Sfl djJJt ^ j^ja^ ^\ j±Ju b <1j J hj 

* 

.C)jj ^ UL^- IjjJaj j £si~> (a) 
.ULv by f Ojj\ j ^jl*> (b) 

.b >ry» j y £ jjjl bj^-*» (C) 

. j+acs- dji & ^sZ~m (d) 

.a^tp? \J 0 jLp V J (e) 

J5-^ . 1^«j*cj>~ ’ 6 j ?x> ' > TJ ^^3 j "< l .42 

ip ^-o d (J ^-i* 1 ci y*- .ca?*^ 3^ cs* « y*«^i — £ .j* fi\ 

f,LiZ^L bf ^ .oUfjirt y (^\ ^jj jt ii L>1 

3jl^ i>*j^ ^U^-l (a) 
.y>^S jSU i~b£Jt iiti£Jl -ilojl (b) 

.1 yt«J~l l)IjJL?t ^ p l-blj^* U a« v J jV' (c) 

.jyt^S jSU i»b£jl j>b^~- (d) 

jSU oj^Jl iili&l (e) 


0* j. ^ ^ *43 

.iilUii ^U-il (a) 
.iilWi J^- (b) 
.iiUaJl Jij (c) 
.WUaJl Jij^ (d) 

.4-S" ybl iiliail (e) 

* 

Ll^jJl iw=» yjJ Laij jJjj iiljaJ! ]aui y .44 

.^jiUrb (a) 
.iiUaJl Jij J JjlC. (b) 
.a1£}\ JU Jjutc. (c) 

.zj+ail te'j.M gjZ. (d) 

jL-Jl iJjy (e) 



J jSt v-Ajl 


tdjLij ^jJi SjJlSJI z'jy j* 500 W .iijAl JJai jaLil i) J-U>w4 jr & Je p\ .45 

V* . . w S ' <up I ^-jc* t^UiJl iJi* jA U .400W Jj apU ai**V J 

0.800 (a) 

1.25 (b) 
80.0 (c) 

125 (d) 

«jjk ^ V (e) 

# W< J 

ofjfc tO UjLtLl d Jjb ^^Ip bU»ipl ^^Ip .aJjIW dilil ^ -46 

^ oilil «JL* jt O j£j 

.jU (a) 
.JJU (b) 

,uJv5 j»-M^r (C) 
.oJuU- (d) 
.jJjlUil JA AiUT Jit (e) 

^ J jjJl ^Uaull (J 6 jti\ 0S >- j .47 
, f l>)l (a) 
.^JoJl (b) 

jm> (c> 

.Jy-jL^Jl (d) 

■u^l (e) 
j-* o .48 

^yjy ( a ) 

.^Uali 0 y jj* (b) 
.djj&l (C) 
.^U^i djj £ Ji (d) 

• Oj^j jy^ ^y ^ ^ ( e ) 

3 4yai>«-^/» 4 ^-jjJLj Jj'UT j^iaj dilU ;<b^>w3 aJLJI u C~> ^ oLpIj ill ^ *1 .49 

*-Llp ciaw.43ij 6jl jJ-l aj^j^ j ^>- caJIp JjL^ of 

.^-T j t$4a^%» 



4jxJL 5J( ftbjJJl :J vU' 


.SjiiU- Ji>- (a) 

(b) 

,X~S (c) 
i>*b (d) 

.5 jilt sJb- (e) 

5-b>-j (MH 2 ) y j* .50 

,ik£jl (a) 

(c) 

, 4 * 4^11 (d) 

. #}U-t jjjUS jLp (e) 



#♦ 




C— J VI jl>- . ,*JUj cd^/1 Jl—s»s- ^jSsJlo 4-JbjjAll C^L^b jil ^ g fl,7 

L*-J cC->L*~~^rt ctJJi .5 jJ-L* L^lisL>-^L* V ^Jt cLd»S[l ^J-«»P 

^W-t (J^j UJt y*-Yl <j UT JUa>*V1j cJj — ill o jL»J wii ^ t i^ , ; . . , ^ 

. o JL > - <JL^*1 aJp ^J-3 5 j j>^* 7 C— »IS^ W 3-*Wt 


f Uj^U) JtiQl jU 

pJLoj JJ» ^Jua 16 Js»l ~a+m\ jl$-*- ftJb*£-»b lui t<Ja— _jiU A^jdlt <j tbj^ijl a^t — l L — 1 jl£ &.„.,> 
cotj^bM 1-bl \S~^ J> J^ 3 U“* <jc^j Lv-jJU Wjf 

ctiiJ C-JlS" . L^J> Jj cL^ait* 3i yS, ^S tb j^S\ ^Ju ^ clfjJ j 

Uajt Ju s.\j (j Joi# c4iJL^-l Ailxiil ^jLJLill ( J>IS*" ^p jy*^ l^| 

. 4j cb £^bj bpO . d j^*\^A j .JL U j\P 


p 

liiil 


• Cf jr^t -^jlt j 5 j ^-nOj J ^/axj (j 4j_^— J a ji J} dji j ol) jj — ixlffi ( Jfen,»<T,' 

j j£j <bb* y» J*^ .aji J,1 dji j> obj^p^J^I JUil 3l j — It ^ — *j g 

.aJIp ^ >>- olS oUjj^Jy 

. Jjb*ajt 4 d?al t j-ft djl Os-j3 jji t^xJldJl ^Ijil (J^j c|l 

^ t<_£ ciVjiltj c-buJ-t j .jjj^ ui-jtj ^ jiiU Uajl ^ t j . 

^lll ^llt .<ii*Sft a-U J^t .Uaut a-Lps- Jil^j JjI^JI <J 4*t jy*>J .JtOiplj 

N t-b>f aApLl* oliiji-tj oijjJt 0^1 4J}~*+2> Jit^j t-jkoP- otjUJt jU*r^ 

.tb Oa-k* *>l5li 0t c jl*Jt jjIj til <.j>J ) j .a yi-t J* 5 ^ 




Ul .4uftjjJ~l f jl» j>- (j *lil JUlilS" (Jfrv** ^ P JiUJl j JiliJ V 

.oJ^il J5" otjii! ^ ^>b£ jiP :>Ap ^ OJL4 .((1-12) j£i-Jl) ij* Ji s> 

.A**OyT aJL djb <3 A-jIj JfT Sjj yc* 4iai ^a oU j ^ oUjJj y yr cAJn-lJtj 


Aj^. jli. A^jjjSJ] a ^jiS 



Ao^jli. AxijjpSlj Sj*i3 OjJ^? 

.aJj^juu a jj J] a jj <j* JaUll CjUjj 3£J)/I Jiijj :(1-12) Ji*m 

. .Ltmj* I 

Ji cJlaj ^Jl 4 j jU* ji a jU- CjC J&Jjj 6 £ J5^ jj * j t^bJi W? Jj — £ 

tl^JLp aJ ^ j*s. o JsS\ J5" jjA blj t<JuaJl 1-i-* J ol ^S\ ja a oj — *-j bl .c — j: 

p^ys*! bl ■ ^Slj *lJLta JJUj .owail J (j? Lp aJjluII ol ^SvU ^ Jail* ^ya a^ lJU 

.|jj>r IJL?r JiLil Jjjc V J .(jijjjl Jjjt* { JpJc^i ti*?r J^Jto Ol j Jj^J b' J ^tj aj jf tjj-Jtla 

Vy^P LfcJlP <_<> yall ^JiL*-** cJ^jLwmJI (Jlill (3 t—A-yaJl Jjia jij^ ya — *j bi 

* ** / . ^ 

.4-Ljw* J§ iJL?r djJcya ob^S^ f.Uil*^\j c A-jLj ^^>J l 0>ljLl)l yiJo aJL$5”" ^1 ja pjC . L/L 

j t^Us-jll Jilj . (4 jLx^> Jil jj li*J) aJ^- aJL ^5^ J j\ y- 'j* ajLp oijUJl ^ OJ 

J>\ L J^' tlJL^ LjL ^ jLp ^cS\ ^lil Jilj . Jjl j*U t£ j>-\ Ait*f cc_3lJrl 

t fiwLjv- Jjl O-iUil JL-w-l Si jSLiJ <1)1 .A-i 5JL>vi^ j^lxil 0 L* Jjp jLJl J-flJj A >1 

.JL^ JiU yb AlSLto jJL*ll jf JA ^ J\ ^Jsr 

JjluJl Js»lil^-1 Ai-ji>“ ^rl)g«^fflll lj-ft jQ ]a <1)L>-Vl (3 Ajjbil a^lil ^JU 

<1^^- Oy ajl>wJ1 j <3 yjl oUjy^J^fl yiJG l*jLa t a*jL j^^Jl oL>wJ1j 

0 “ ; 

^j^*U <Ji~«>~ c o»^Lai^li5^ Ai**i.l a-j\j oL> jSCll ^ysju <3 1 a^LAi-x^U ajLi^Al AjjljiJl ^! j ^ 

Ol^ic ijcl^j&A ijC/a^AA 5 y>r J JLP .5^Ua 5jL>- jaijiljL yiJU )l ^ Lp oIj Jj djJ a 

g *2m rjA (ju-j yj (-j + jl l^JL* j l . — jl ^j^sjUj JJfj ;^pJJ) AjJaj^L i yc^S' i_*i* 

oll>wJl /y J >,r-a aT 



it jLjJ' : jJLp j\d\ 


.iJ^- _L>r c J^iu b *^“ <j! J-^r J ^Lj < i jj j^sJLS" ^l^ll { Ja *j Ji: T 

-LSb ^Xjl oL> ^J^-Ll ^pJJ ,0^J ^JC^tfcP (3l <Jl */t 1 i,r?lLS" d_-jl ^*“it 5iLstf>^J 0 _jJj— ^il i*t> *J 

^iJLij ^u»w \jSi aJj j^J^H c^tjlJJl j oLa objliil 01 , clL jUill 5JL ^LSt $Jl 4 4-PjJua — L i 

cl. Q a.a ^-1 LiS" <L*_*i LAS" j $t^:AjLi cloLj! LAS" c^jLlll 4 ^-j c. <j3a£\ LAS" . jL dl 

.L^JiLi 

.(ft) L-^jf jq— 5CJl cJ> yL-lj OL^-S /1 ^yajo 3 L J^jO VL? * — *jLill ^ 1 — £J 

IJlS Lfjf Li^Jl <_£ ^>-f Ob -1 0 L>- S /1 {J***. <3 ft y u^b^Jl 1 A_* 3 

4j j*-*0 oobjl UTj t i>jUil 1 U oabjl US' t _*Sl ^jSfl HU e-IIS' US' .^ujLJl Ia ^ Lp 

3L*jLail 0 01 jl OlS^l j-ti l+a . Ljliil 0 Of ^jL» ^U a-Jl 3 d^Lp Jyai; . jLdl Jji-lj 

^P p-?fLll OIJlaaJLj lj\ j^~ \ $Aa ^pJJ .Ojl ^>- ^1 2 *j\j j-^il 3iUaJl J lUjLiii oSl c4^i->CL* ^~<jS/l 

# * 

^y j*>-LJl OlAAAJl aJLJI 2 j^Jrl j 2 jL>»jjl !±i^L*S/l . IajL? 4jlA? Cj^/L -1 ^ ^^Ujj OjUil 

djjai-l ^ j^A-1 ol3 j^^l tjub jj u-*-- jA lAAj .3iL*il 3JL i-jlj ^$^1 A: > _^laA-l 3 4-*jUil 

. 5 jg— Ssil LbJi cjl^wiJl pjoi (j 

jUfl 

L p § ^J->- -^J-P jOlil jU dd^lil <3 ^>«-**il y>- JbrjJ Lj j1 

.<Lj\j 1 ^3 dA>- 1 ^ ^Jbuu ^jA djlll i kJb *U>r . w ll A j ^il cL>>! - A ~1 jl 

t 2 jLjl oJu >- j OJULc 4 tL*L) jj£}'\fl : jtj.ujj < 3 ^J ( J >1 _j— >- < q ■ J 

c3j#v<£i)i olijiS/l L** - — * . <u»p^il <u>« i *< ll ^ (C^ljiJl (3 t 

^jA ^\ ^yS /1 c-La cti)-LS" ^3 ^yarll oVL3-l i y ajL i <3 < ^- , 1 ji ^1 cS _y j 

OLj jl 3->- jji oLj^jS /1 0 _^J 01 < 3^1 . <y L j ^ 4 ^il 3j>i*tJl a Jc»- jJ A JLaJI c3L_^isl 

.A->r j> Ub ^jjiJl lS j-Jl J c A^.ja 

j» n 

3 .aJLI 1 3 6 .>JL^- iLij ii>wJl jj>~ ^ ^_>w? JwLp 5 jLp y^_ dljoiv? jLdl OLT jJ ^ >- 

i# 

(10 18 x 6 ) 4j>c-> 0 6 (^1 IjLf ^JLj 1 ^L^il ^5 ?cu«j di3j_ L4 aOUj $S" ajb 

jLiil ^jp 4 jL3-1 ^ja .2Jb JS" ^a 1j-Lp yu&\ jj «_> .*L >LiJL» 

*S y*j>j) OjJj&f 3 jL-j j . iJhlb UjJj^Jb OJLJS ^jA ^Ju ^jLL 1JJ tcJtdlj <i>t-iJl ^ >- 4__S^fjLi 

(C/s 1) AJLdb 0 jJjS" 1 i_£jL«j ^iJi jLdl .i — -aj 10 18 x 6.24 L (C <—> 

Jl_P*- W - 60 ^Lwa> jpfCL^-j .^JL^Ssil jLdJ L^L-a ]1 aJj*-jJl jAj c(A <-> j4-Lj 0 y j.$) jy — * $%r 

0 U1 ^ A 0.5 

Oiii Jil yJl J-^ail ry~ 4jV dLJb L Ulaj - 4>jlii1 3 Ljip djl ^4-1 jJj J 






jl .Uajl iiUaJl l£ j*-1 Jl£_il jl-L^>l j j* t. yj> jl-Ual jL»-fyl j ijS >?5 .3 

# * * m * * 

4i*a*j2 y ^-jUaLI J-iif £>- idjfc -1*5 jA If. y? jlJ y <D-±£ lJL*P ^ L ^!sjl 

W y» l£[ tLJy**u j jiiii j^ * y yaJl SiUail y* £LJ UT j£\ a jl j>- gZj d*»>- O y ^il 

jLii jlxJl ^*>Ls^a> y-T jl .jLiil 4 -* jLt* y®^ ^Jarf u 4 *ji sit* i-£ 

(. i _y* y*-* yiT jUL^^f ^Jjt 

jLlli 1-L> ^Pd <>-.■]? tfil (^l <_*arjil (, ' - kail yA L Jti J ^J>\j jLsJl J$j& tfdj *4-11 <3 

* * 

yA ^ j>k*j ^>-^Uav9^(l jLlil ^Jd** I ft , UP tijjUsu; Lj yD> ta-L * <ola C.JLy>j Lil y*V/ jL—Db 

J*1 > ^ > -W-Jl j£dJ £» oC y£j^l jiJtf ^ J .iJLJl byH J J^Jlj j y_^ ^ ^lyJ» 

.y**r jli all ^1 **JL*Ji c_JaiSl yA ^1 x^yyjJ *L4 VLj t^Lya — «jJ-L— — Si ^ 4i>»-i — Si 

0 

.asXs* 3JL JbS\ a-Li j j**J^-U 


A fUj|£S 


(£\ j] jyd j{ j y ^L-arS/i <Jj y**^ jl 4d>Uy£J^i 4^>*-iJl J>l y>~ -bl jZ j! D^%- 

4-i bji? ^Si tiJlS^ ^ c***i-> j! fliiji fbji^ c Ujlp tilk d-j j^s- l c.j ,u1 

^PJL> 4+jIj j ^S' 2jjk-i> (J.1 -»-* < >^ Lf i_ji * -^^- 1 _yip jS S-iljj LiUj -Ava 4>il> 

^ J £ y SJOjc* U— cr ~Jj~ U ^ . C\£a f Ji JilJ ^ USl AlTi 

'_ - i> oj .« y~*& ji 5ji yy Uil jla ig y iill ^ itLJl j d-i* V j — ^ 

.p >iil jUl yb ^U^Yl 1Jl> 

j>LlJ .ob dl yudJt £A y\ 6 ^ oSl -ii j*-~* <— ^ *!•* <> J 
li C— i-i] .d»lJjy^i^i yaSi jf y& A*51j j-^-Si ^i>wJ-l ^Si .^'L-^r^/S 

4-La* .ill V 4-ia^-l jj t ~'^~ JC-S 2 -^ 4-Law jl -d*l 7.‘.^ 4w. ji 5jl j-jJl^JLlC Jj 40 jj-5^ J 

^jal*Mj .4 j^LJ 1 d^bswJl j 4 j j_>-S/l LX4 jylSOy/ <^l***— Si 4*5 Lj j £ Ol 

lj\ jS* L--..MJ jl 4j jjbil ji.^Sl (j ^UyiSl d>ljU£- y**J l} 3 j>-jil J DU jJy ^--b jt pr 

. 4*5lj^*jtil <^y»jLa9fc*Jl (3 jS-^Jri 1 JlA ^ljL>d**>l JL IP Ijj^ j^^J jl I»_ - ^ 1-Li 


o-L* yjLj -ypj ^. J CEJA'S < — ^wl jSl ^-\ll (j ^ja— Jlj ^ jt^Sl jr^j i^jjJl yj l3 j^I d>J *J 

*. 

tdjljdil ( y>- .O^L^wJl (_Ll • . j * JL*j ^Sl djt*-M^Sl Aj\ j-lJl y£ IJLar 4a^_— J djl jDD 1 

yj jl 4 a1i>iJl 1 ^ _Jr*S^ UH d»L>wJl j d*a- 44^5^L> yL^S" 4J>wy ii j j^ ^ ^ 

J^-l-3 yilll vd>JL^ jl -cijJi ^1^^ 4 ajj 1 t(2 — 12) ll 4*yii Jj * jj— art 

Dry <Jy) yyy> yu <jjvSi d»JL^ jf t j^Lj t.(t p— mil ; Z+ydi — a^/j ^ i-i — >-'lj y * — D 

d# Ji (^ 1 *— aii t cyj^ ~lIJ Dr* <y jf (^ ^<*> ^ 1 ^ — *// 

y> d.^U-1 dJLft (j jLih yioJ -oL^l jl l(a |^*u4Si — ^jj/ ~ L yj ^ ^ ^jVs 





<3**^ t a*^p — 3>i ~ tjjp i y A jSH “<J4 — 3 . oU Jbaiii «L — AS 

^b J>\ £A AAv?UJl 4_j yJ> X 'S' Aj j-p AjL^bdl Ju^P c^ £cja— ^ip 0,5 ^>r ^II 2:a»A Jt 

.oJb'LJi 

^Ijj tdUi .olill j-* ijir <3 jJi ^*Xj 4. .A Oj-L* JJ JjJi jU J-^ jl 

. o*x>-t ^3l <3 aapL^ 3 ^J ^jA 


Sjifl 


o^b J 5ia^t^j Ajtiuii oJLfc Jj . 2jtii ^aIj 131 la a, I J^jUjj jf jL xl! J 


3 ^/aij) <•*- ^ Uiil' C^13 Jjiji" L*Jllp .Aif-UaJ! Aj ^ 5 lU- j l *5" cA-S^Jb ^ 

t ^T jlS^« (J (olJ 3 oibj) Mb* A--iaiJl oli X\fj j b* jl £>• 3 (objj—^J^I 

^-bb'j l^jL ^J! j f+S3f jf UjJrL Ua j\ J till li* ^x ,<j y (emf) Vt ^ ^ h — * ^\ y— 1 

.(V <-3 ybb a] yjij) <sJjjifL 



f Jjii! U£ J (m) 4 (b<uill J^) SA^lj baa& ^4 jjall i *vVkj Ji jS-aj (I) :{2“12) jLu*H 

tf? <>“J^ i> ( J ) J Jj OH fc) I>°j^' on J 





•V 117 oLp O^Ssij *V 130j V 110 <jy ^b*)l Al ^b^^JLl Jl — **11 j — $3-1 ^ 

l ^ ~a£'LJ\ ^JLj j! i _^s_ .(^Ji^l piaJl L y 2 R> ^ V6) V 12 ijL~Jl ^jlUJ emf i*-i £JL; 

,ju^L» J-^rl ^JLj .CjLiyiJi /y lJ>^/T An Ja> JajJI ^.JL^ slJL>- JaIJ ojtj d^btw* ^Jp ^ — f L»Ju P 

. cJjJl ^ yij J-J CjU jjLK 

j L*1 * A 1 jLr jijj tfi 1 b jU* ^ — p 4 v 1 emf s-r - — ^ 

4 ^»jUli c^loLaS lii .jLzll ^ipUaij cemf c^ipUk; lil t ^jf JjJLSj S^U 1$j p O ^bj_ 

. La^'^ Jj.^saxlb ^5b ^$^11 *■) ybiJl ! Ju& 4 <,W»j ^ " .,* . <_Ju<a3l Jl jLill ( yajb*»jj 


<3 j3t ^ jb_>- (j—— ^ ^Jl *JbU b£] . jLill <jiJJ LjJlI 0_^j <jt i)y emf b^jJ o_^j jt J-*>*i«- 


* 

<J^bpl JUP ^L^aU <3 yb l 5^ b^ajf dJJ3 (j;! 3 *! J . S^Usi— Jt ^JLp ^^31 Jlrj tiJL*3 "j 

^j^Jj cjbj ^ .1^ (i^ J-^J f“^ ^bir\ ijjliaJl ^JLp <iJ33 ( j * b . j j . 4 — *bl£jl 

.^jcJa^Jl (jy J*£U Jib .iyrjj b)l jLd-J 

Jaj tiJ-*— ot- jUaj AA jf Jili ^ -P^ jby jJ^A ® Jit eiTlf ' 1 V ^ * 

c(lJ^T) ^Ijup^I ii^Jb 1 Jft-T JL^Jrl J-U ^ ^Jl JJL_^r Vb: — • S->U^ ir^-Jp 

jji-Lj N .ilJL^ar Jt-3ti^ ^^Lp 3j>wJl ^jA 

» /> < ( - iti J ^1 4jh- j u lb K bjiXR> L*MhM^r a 1 1 1 1 P {/,'*■ y**| Ji^ •>— ■ 1 j * j \* ■ < x Jl ... j 

.biy 

ai+ .j jl^sr 5^ ^ill J^A-l t^b» _^i jilil ^ j> y Jb>- (3 — { 

(j ^J\j j4&\ jbfA-l ^jj^ - j* jV (Jit ^ — >- jt) V 1 17 

J t»il lZ*>U ^ jJL^- j^P ^ JuP ^t-yg d j Juill b4 « »*«_' Jail i ^1 . 4 j-1rj A. jlj- 

.jR-ja jJl i-Lft (3 cl.. * Ajbd5^ U^-f 13| 

4ojLj4-&lj <*>>UU4 xtt 

;<Jlf J~*3 jpJl djliab^- y ^jLp IjjU Oj^j jl ;<Jb oljljJl J-«-P f 4 1 *' 

. aMM yjjJl jjAjJil olUb^il ajjb LljlJaJa>tSL L yAj ^ — ilj 

Jy . <1JU jy^-i Ji^-j d. «>“ t<*>L)LJl ^t 4.^^yaii arJUIS^ L* 4xi 5 jJLs^I 4 1 . t . > b4 

|Jl*j ^ A gbjb* *^ Jja Jl jJbJ kiiS J^Sll y* A ^ jil ^ iiJjlill dJL^> ^ — - l j>I — ^ 0? 

.(1ULU Ay^aW C--«> 1 wT Jj c-b5" b| ^ J iiJJl 


Ja>- tU>b j ^ jt l^JL* Ji^i <iA3^ y b .... iSfl 


A^dt\ i aVI J^4yll 

-bib^i >-* Ji d\ 


ijyr^l) dilp Ajailll Ja jjaibl J ^j^Jj t J>1 JJU-J jL>-Sf^ (J 3a j — Jaibl ^J 



yz~A\ jLdt : jl* yliJl 


Lil Jl jl tig. ./a in £• AXm CjL ySJ Jp-lJll) 5jLi!>U jl tcMjljJl y l£L j^a Jl Cjl — JaJa^itil 

{ Js\ Jl Li y*lp jl Liil \a\ Li jiu Ljli J5L)1 JayJo^- . J>-1 y tfrLa — *J £- — * J 

kiJJi Jail4 . i yJrl J-^-iu 4 -Juj j>-Jl Jp o aL^i)! L>*-iJl J^ly>- j iL~£ a^Jua — ll 

.3*1 yaJl Jfr**j UjaJ> JaJa>«il JLp 

ifS *liy*- Ajaij J lil VJ ^Llalil AjaiJ J ^jJyy^y* jiP OLj^o tjdlL UaP £-LUl> l*JJLP 
Jil yJl iJlP <j aISLL *)Ij t£*->lj jSs-L ® y*lk J51 yJl jLajl *]c2SL> 0 jl P 

.il^Jl j aJ!Ai1I 

Jai£ jl Op jt-fr*>* i y*r j £-* ^ yd* Jai£ SjyAlii 4 ajLoII Jl jLtj j .£ yd* Jai^ 4AjLtll Jl jLt — j 

.(3-12) J^-iJl J A>w > y jy J\ oIa jl .aJI A yfr— £* £ ^*1* 

I f 

(') M (c) 

.CiLlfrj LlAjj fljjiUft A-AjlLtt (^r) . jjljlfr \) A-Ajlia (uj) . ASjIj <a jli* (!) l(3~* 12) 

AjlfrJl J Jai-l JiL' .yP^l ^ J>' U>JbJ tuyjl yU VW jL-J 

, " __ * i 

Ajjlyill -LyiajLl A*jLd* aL^wLaJ LfrJl jLicy LL^ J Lw 4Jyt^y> L^\^~ 0<Ap Aj jlh* If Jit *J .Aj ?ryil 

.AjjUaJlj aJjM jy*j (4— 12) J^-i-Jl . y-^“ jJjyL— jyL 

^ y C5^J tLfri^-iJj yfr-* l5 Ip jL^Sfl ^ya^H (j 6 yljJl . j — J'j-L ^ — -jLill Jl jL^ — j 

tiyljjl SliL^c. L y5J cL-j>" t(dJ y ^yLi^) V jl (j*--*l ^yL — L») mA tAi — * t^L — ill 

« yl-Ul J>-l-5 ^yW^ll Ji 0L?^1 L yju J jLio .(1-5 — 12) j£JJl J jw? y* j — a 1 — S 
{ Js* ^iJjl lilL ^yLi^JJ 14 jLio ^Jl A h JlajL yl>& ^1 .((cy— 5~ 12) Ji J^»') y^J 

.y**A lata^ 

.AjjUaj (uj) .^LajS jfr£ AjLx (1) : (4 - 12) 







<zr 

(D 

ibxjla. f\j : { jjiLL*il jy*j :(5-12) j£-Sil 

* * *> 

eJL b IaUj tU^o*j tU-Lya> L^y* .^:~> ^Jt y-Sft jj. *J>\ i y 1 * j . (6—12) J&iJl ^ ^ y_ 

jj» ASry^j c(AC) jbxJl <*J ? jSn jlj tJSLii jfj c-ii UL*j y 

^jS" djl^p ^ (^j 1 1^ coblgJl 

.Al^-ta 

^jUL^/jtjSll/.apJI £il Jj 

j j^-* aj*^j J,l (dc) jLxjl c-4jb ^Jsjc* jL^ai>-l ^SOr cajL^j — S i <j 
y E .(7-12) j£-^l j ^ J fl j a^ull Jak^xil ^ dJJi 01 .ojliilj *pj — *£j — $i-S 

./? ~4j*j Uil */ JiUl J jlil jLdl *(F Ol~-*JI Ja*j j jf) emf d J — ail 33j — i J — pr 

^-IjjJO Ja^-V .^jyJb c(Q) fj^/lj t(A) j^S/lj t(V) cJ^iil ^a c-jli ^SCll aJjt a^UH c-»Ijl>- ^]l 

j aJLjIIS jjP £ A-v^bj v-lj^-l .4-blll ji P <wljj -— a bill 

.o!jl>- jJI 

* 

<*<S j± a~Z.. m tC^l*4^jl sO-A 1 C->jbu 111 . 0*>bJl oL*SvJl al-A fjfu A3>bp 2y?r jj \ &* + .* > .* ^Jl*j 

cemf *jy y^ 111 . j jbOl tojliil o y^> 111 .(ju-^Jl ^a J — ^ yz . — -> jl iSj — ^1 

.*i»^iJt oL^SvJl ^ju aJs-w <L->bj A 3^1 p JL>r jj .A^jUail ^Ip JLpb| t jbJl 

?J o>^ 

fJ^ d. J 0 *^ 1 (* ^ ‘ J *. 1 dc ol jli J j i J^Jr' J ijLJl j* iUif-l 

'wii ?-y*2 <1 j^Kj ji-*io .dlj? - ^yi J jl <jl ^ l»ii IJla 

E = IR 
1 = E/R 
R = E/I 




j»~A\ J-oaJ) 




it) 0) 0) 


llc.j±ui Aoiaoixiall *^6~ 12^ 

c.jUj 4joJ*j |u| L—li&j Ajcl^j dulj IJL&i a r- L l^ia ^ 

.jjJ (j) (j) sac ijj* (£) S(>i>jVt <y±J (z) : JSj*H (jt) 



.fl a-jlUlj J jUilj t £ dc »Jj :(7— 12) J&ifl 





<AiJhS 1 01 J>-S/1 £~yaJl JUiAl ^JS' Ij^li 0 ^ ll oJl — A Jjf ^ — 5f* jtf Ja flJ £-b i 

ljL*al>-l I JJUj j temf jUal^-l E jJJUj oljUal^^l Jaa£ ILiu^aJl oJ — a ^ — ffjllJ Ja— j^l 

(E -^*-> jl— - djUil (^wU^l L—-J jit j^iaJ Lil ^ — S**Jj £3 — *jUil Ijtva — i>-l i? j tjL iLi 

.E = //? <^zJb 

^jl o ^jli ~J CjLdl j tJL^Jrl ol~L>- J *1 J>rj £ Jj ^-^il ^ * 

t(flA) Jir 4 ' 4(kV) jf fjSflj t(mA) j*^l 4C~J^iil C-4-bxl^l bl .£*>« — 

j*P aJjS/ 1 jOliil C..)flpl 13] . 4j>^>w? 4j j^-1 ^JLp ^j-ya£ 01 — • i(Mfi) ^jl li* — Llj 

<blp] dJb^jr clIHJ jl*j >1— 3-1 *1 ^»%-l ^ ^il oJLA LgJL <—*£ ‘f j% 4 4cJ j — ail 

.J-Oa-flj Jj t^jl 0jJ-4 13.5 JUjUll <— . jL—>- 4^*^ oJli" 13] t*>Vl4 . dJU y ^01 j 6 j* ol~L>- j_J| 

x 1.35 jf) O^JL* 13.5 iJjJl . >Lw^J*l (J J 01 t— *fjl l-**-* 13.5 otwJi 0] J j all 

.fjSfi oTj (10 7 


jluii LjLLuix 


Ol tjLJl l->JL 4 .dc oljb ^ jLJl :>L£l ja 0 J jty J^LiJl 01 

.U-prlllLw-l ^1 p 1jJ>U 0 jl C4^jliilj Jm^- 1 L-i jjJ 

tJ-pr ^Li^j 4 JVA14 dc *A3j-* j-* Oj^o 4jl .(8— 12) J^*SJl tj ^ giaja^ il -1^ — k>*ll Jl J — P 

c->1j jSv_yJJ aJL*JJ 1 ail 01 .jvjjdJ aLlij JU^l 4 jcw-1j 4-*jl AAJ 4^jl ^Li^j tll^-S/1 L jz*J . J 

L— i l ^3 o^jLaj ^jLwwJ o^l—P ^^JLp <— j L i ^ .<3 ^l i^ l cLia 4> t , . 

. l~JO ^-Ull ’’^r Jj" c^jj^yJail ^ c jW^i ^LjIj 4-a>-*>lil 

(l”12) 4dLw44 

4-»jUll Ja— > £ Aj\ Jp yj\j tV 15 ((8-12) J^LiJl dc -J j — * 01 — ^1 

?jLdl 4y»-i ^A U .Cl 10 { JS' d Jjxl il 


(1-12) 

oV 4 10 JJ" c^jl— o c0— >- E f** J = £*//? ^waJ' ^1 j>iI->1j J — J-l 

.7=10/10= 1.0 A 3^dL . f /flj 51W. ol^l 

(2-12) iL*4 

Ojjxlll 4^jUil 4^3 Ja— ^ ^ Q. .>- cV 100 4. 7. 4 fc < I l*Xg->T ((8 — 12) ^j^--Jl ^*!-l j) dc Oi^4 t _J 

?jLiil 4^J ^ L. .kQ 10.0 

( 2 - 12 ) <> 

/= 100/10,000 = r^ail (f .10.0 k£2 = 10,000 Q : rJ t Ji 4_-jUll J^>- 4 ^ jl 


.0.0100 A 



jtsll : jJLP 3^ 


/ = 



ljLLu^ 

(3 jIax)1 C)j£j L •JjS' a} O^jLSJ 3 ^*^ l)| 

.jJLjo j x$±r\ ^IJL. j^Sfl jl^L aJUI JjUlI 

(3-12) ii— 

^lijl jLiil jl5"j til 100 ^^1* ((8—12) JS'-iJl £*-'j) •jl**^ i-*jUll J a ; v» {J J*r Ail Jp 

?dc -ipM ^ U .mA 10.0 
(3-12) J» 

il f .10.0 mA = 0.0100 A :jJ Jl jUi ‘V J ! •£ = « ^>— « (0*^-1 

iJs^ Osi^j Ijf JJi Jifj i^Tj jAj .£■ = 0.0100 x 100 = 1.00 V '—> 1 jOa — Si 

4-J 

AjjUaII diLLui^ 

• C&jj** jS^Slj -^Al 0 _^j S^-^ - dc djli (3 (ju 4 >jIa1i (_jl O^jU ^ 

of ^ ^al tOI j^Ui (8-12) JSnOJI -'- fri - ' j-* 0S5~ jf ii^Ul JlLJ.1 ^ 

.0 0j5**S^S 4 ^jLaJ.I 

(4-12) iJLn 

o jUll W (/> 1 — • tA 3.0 Jh— ft j-L-Ju j_*bfj <V 24 o_*Al *l^_5 c JlT lil 








(4-12) J* 

R = cJja) 1< IfiP lS Jr Si ® J^J (*^211 f lP = E/I A»..<a — Si — .-I 

.24/3.0 = 8.0 ft 

AC-Uai^V' ujUUii>a> 

JSLUI J a^> _^ l ijljdlT dc i> j (W U. ^ tot jJIj) P ie-lk -^1 ot ^ ^L—^S. 

:aJIiSI aa^iSI f (8-12) 

P = El 

i- * * * * * 

0&> ‘V^ ^^2*T ^ Jj . Ij-XL* jLlIl I oJj-aJIj IjJjL* E ( Ji*j *“— *^ > " 

,Xa jUilj jLlil C^i jP bt dL^-C 

tP Pj / pi*4 i i -df liij t E — /P UL^r-l ^Ip (J jsrffl>xD O^ilj a*— / ? j — S*" jj 

:4***aJl P 4PlJaLu-^i j^Lp J ^aJ-l 

P - (JR) I = fR 

0 jJLa> Aat—Jl CJ ^ 44 — -jLj jjl iJlA (^> } 4 jj-— *Sf ljw\__A> jL lii J »-L 4(^f 

•f> 

^Irl 1 * _|t~* P'i . * l -i I ^y3 jUl , Syw*L> ^. l ."I ^ ta*~ (l lit APlio-Vt J* J_^J-I U ji tiL-SU 

^Lbto.li Apllao^/I uL> ttllSJJ ./ = E/R ijLiJl J j ./»~»i II ^j! Ojtti a**^ j£*jj . a*^*La1'j 

dJl> 

P = E (E/R) = E 2 /R 

. AajUII Jp 4-4— 44**otJ 4> 4d$A-l jji-L 4(^1 

Lojt 

P = El = ?R= E 2 /R 

-(8— 12) J^vdJi Jl i£ j>-\ l y JLP .ipl]al—Vl frl jSLdj Ojj .*L>r L ^- 

(5-12) 

6^*iAl <pljai— L» .mA 50 jt^S/l V 12 ^Uij* 0^ j 

4>jLa 1| All y 

(S-12) ^ 

f .1 = 0.050 A yip Aje- — .S Ji jl_Jt Vjl .P = £/ a;..„ Si fa«w__-.l 

.P = El = 12 x 0.050 = 0.60 W 



jUlf : jJLp 3 tilt 


LjUjIIaH (| J*J uLS 

3 j ot>jUL» ^1 p jLiRj 3)1 aJLj oU ji aj^^rfyl c£ L>-A: p 

jjS^I ^jauu 3 (A£*l^U A^jLai!) ^J-s^ ^jl <ajLaa j j£j . aiJLP Jlpl ja! Ui^j L2 L»jIjL* j J-s^ clfr^atnj 

<jS £jA ju&\ Jpt~\ 0^(b- 3 J-^ ^ \*j&A l) j^J .ftjUJt 3 oUj£lt j\ S C^L*j\JL» ^ i£\ ^jA 

.ajljJi 3 oU-j^lt jt C^UjUL* 

ciUjiia 

l)J ,<Li^Jf ojLili ^1 p J oL»jLiil oUaJ c^**^*^^ -UP 

.jS'axIi J^j blDi 

(6-12) 

fj 68 Oj i£j\ 470 j 112 £* oUjUli 

?U£)I JULJ^dl j]! JUjUu ^ U .((9-12) J^JI) 

112 470 680 

A/W V A^M* 1 ty/s/\ / 

R 

l I 

. J-l-afl Jc. cA^li. d£lil Jli, :(9-12) J S2J» 

(6-12) J* 

sh(. >' dtSU. .n 1,262 = 680 + 470 + 112 U&l ^ jUil JLp cixii ^iil <»Ub 

p > tfi l jIjUU <^l — ol) oL^-b?" (Alii 1,260 (J,^ j% 3 ^il IA a 

^g-^*«-X-LA a* <jj; .^^13 (3*^ O’ 1 * ^p c^*.‘« yj+ll a^tLJI AJbmJlf 

.L* jLiu jJLij ^ jbiljj t^LjJ <i* jS i 

e j*» ^ 

^ip Ji^" 3 ** j-sAh L*»p 3^-^ c -^ l-Ali ^^1 c5^ oL^jLaII 3 — JL p 

^ ^iilt ^1 p <__£ ^ps-l oL*jli* cJU^jfj oiJ^- oii jl 5 " til tx>L*il JLitJ-t 3 i.~~\\ 

ji aJLPtiii t 1 u^>bj jLiil jlj ctg-fc* 

* 

ij&ju ,oL»^1a* LftjLip^ ^ja ^j[Jb lzsLJJU UajLipl ^ yc&\ ^Ip c->L»^LaII ^ ~j 6 3 ^ 
j> iiTJ^aJl C^IJUI^aaII 3 .S 3 ^ a Jo- A-Iilill 



oUjjsStylj ti-JaJdlj itbjtfS I oUt 


Lg — --a. ~» 5 JL jk)b ^ jiA\ • oLUUl cJsUa; . j — ^ yju (^-Xp j 5 Lij ohm -la — ii>) (mho) 

d-XA Ail— it j viL&L 4 j — - 4 ..- a— f— aJI c aj>p tit .^j— _L— Jt ^ip c-*Lt jLail L4 <— il—iaj ^ I t 

•l f _)' J] (s s S '-fr^ i'-U-Sll 

J wDi ^P jj-All! .fjNb 4 — J j *.<»j.-ilj A-i^Llt . G A-iiLlt j*J OJ 

'. ji*a} \ c£_jLw M G jl R ,y LI 01 ^y* I yi\ ^ .(juJLJl ^l« , « < a .. l l (J (JJJ 
G= VR 
R=l/G 

(7-12) <iuu 

U5” 4 /? aJ53i A-tjliil |»— •_} t/?j (_ij /?, LgJ^“ jiJl ^jIp Al_jv9_y* oL»_jLi« jLip)Mj -Lp- 

/? 3 = 300 Jt /? 2 = 200 Qj iRi = 100 Q ~£^> .(10-12) J^Jl J JaWl $ y> 
oLjUil «Ja U&l iujUll ^ L. .J1>JI Jf iR 5 = 500 Qj c/? 4 = 400 Qj t Q 



.(_^jljoll -Laic. OLajUu Z^10 — 12) 


(7-12) J* 

G 2 = 1/200 = j tG, = 1/100 = 0.0100 S J* <oL^U- JJ 4i.l_.jUit J iy *-t 
G 5 = 1/500 = j iG 4 — 1/400 = 0.00250 Sj <G 3 = 1/300 = 0.00333 S j t0.00500 S 
G = 0.0100 + 0.00500 + 0.00333 + 0.00250 + J* J- U.LJI ^aJl ^j .0.00200 S 
Uj .R = 1/G = 1/0.02283 = 43.80 Q aJ&' L. jUil j /j Jb_Sl j .0.00200 = 0.02283 S 

Jl jj j-db 4-tl j J-l C-Jj u 4 . £ 4 A «U ft — » J — J J>-J !l f- * L — -Japf L — it 

•Q 43.8 

,_^l (_£jL-J A-ll>Jl i.jUiU 4 AjjL — i . lg-d> £j^-j jillt ( _jlp aJjv»j. oUjU* vUjJl) j y>\J Lt-UP 
A-l^lt A^^Lalt 0 4 A-a^^P JtJ. tj .4— ttj^^ll Jl-^p jg lp A* * . - a 4 4— .tj^ < pj.i * { c. i 2 - a j 

:3j jL~* (10—12) (J oLt^laJJ 

/? = 1/(1//?, + l//? 2 + l//?3 + l//? 4 + l//? 5 ) 

. J t ^1 p a w .^ a I t . J-I— 4^— .^ft ft— 1^4— 'I ^J . -a flT 1 ■ *^** 1^1 

/? = (V + /? 2 _l + /2 3 _i + /? 4 -' + /ej-'r 1 



jLsli : jJLp J-'OAll 


aJL~ 1I (j Aj Lui U L->Ljj £tPj^ A^jLSil oJla 40*^2 — ) J — Oj 

.(7-12) 

IjL^W <iU jIIaA ^ jLjSII 

Jj>-i (j ^>-1 ,J5tO ^Lp jt IJL?r SjowaJl -U*Jl ^yj[^au» 0^0>*l^l J A 

J5" . aJIj o ^J-« jc] 4JlOjo0j ^Lwall i_3 L J0iS^ I dJ^Lp ^ ,L^L*1 ^j ap^a^-I *^a)^ 

caL-IS" j*Jt\ y* ^ ,aJ-*JL*J| (J ^jL^2a Oji 0>rjjj t V 10 ^jLi *X p£ ^ 0*2 * 

.jLiil 3^-j^t^aJl a^*^J\j ^ola V — 120 <0-0 £-L> j^^Jl 4^-0* 

a\ ^\ A^Ju oljai *A a\^ as e£ | ^J§ jLjJl «/ail a L »L* oJjS* L^lil e5 

jy*j . «**4 > o^ljjsJl LJb i<« j tajloJl U ^Ja-dj <j ^1 p 5 Cj^^~ *cg^“^ 

^jlp jl LgjT *>O0 ^ J^\ j ojlJdJ aJLhaJI olj ^S-J \jf t5-;LJL*j dc Sjb (j L>*pw? oJJi 

,Lp»J) o j ujj i^r*)b.i 

Ojjj ^-jL^a.11 ( jA*i t Aaliisi- aO*JL*J! C->L__ *jUL* el- — iir 

(j jLxJi il 5y~* c^L^aS. dlJLl^l ^ Vo i-Ajyc* j*A*J j^jUaI! Jb-I Jfl j^>~\ aK>- (j .(£ j — >-S/l 
* 

(j >>w~- .IJbr jvjS" jlj A J.J.U Lya.ll jjJi jOtw- .U-JLJll aJ^JI OjUll 4 JlJLJ| 

* t * 

j L:J l m <* (Ls^sjI d j y ^ 2 * djl-\j J j£\ ^ I . . ^3 1 ' I i 1 . ^ ■ ^1 lij .-\jl^Jl j L.. 3 1 IjjL 4 ^ t ..~ ^ j^\ ^ 1 . * La^“^/ 

jL^II t j^a«; jJL I* aJUb ^ 0 .<- ■ Ic-^l ^-T ^ ' ■ .,!*? * ,J tS"l 

liOjjJrl 


4 jli iiUinfl (IiLajUaA 

Ojli. JT ^ 0_^53l J_5>J ^1 .oU^il ^ UJl-JI oljUl 

oL»jLiil jl j aI^-JL* 'Vj L*jb ^6 lLJUS 0] .dc eg jl«*» j 

. L^aojj 4^«jjj| Li Li 

(j ^gjsula>fclil JaJaj>«il jl ^Jsl»I ,^>«-vs> <^JJi 01 AjJj Jl tAjaj>JJ ijJLiij O ^vi 

Ji LgjL^oj ^ tiyS <3 j* R n ojli- J5" ^^Lp j-lflj .A^i; jLdl ojLi* JS" J y: .(11-12) 

IjJ cLLJLw^J 4 J y^> jl^ AjjljaJl L*)L>- iJjh E n wL^Jrl ^Loj .4-s^ljL-l a^jLaII 0JLL> a^aj jLzlt j O’ 

La-Up ^.E J^Jrl Or 4 oUjUil jS> E n 0^^ ^3 liL* . I ^■■Oa.w.i ^ — +j>*J 

)l .\x^ c.^0- illiA Oj^j ^jJ ^ Si^>*L» jl AiL^x* c aJL>- emf 5 t* OlfC* (j 0 jSw- 

ja emf too: jf jS^c 

eg ^ E a> jlkJl (11-12) j V cJ ^L^ 4 -eg *k J*t OJJiJ j — iajl 

Cr* e^p E n ^ j Uol V ^Wi* .aj jliaJl ^Will 





j^Ai c. *^ bl 4*.~Jlj c-^iJl )si .o>bjUill ap ji& J 3 * 0 y* ^y'ball <1)V o>bjL£i( 

^1 E iS .0>L*^1a^JJ ^LwJL-^iJI jjp E n p-* ^ E Aj j\ja Jl J^?r 

<ji1 ^ib <iUil ac c->ljb ^Js' Lsiajl oJlpISII aJL* .a-LJLJI dc ol jb 3 a-->U*1 aJpU bil 

.to ^ bob A^bil 



£ 


^a dJj! jS Aj£3Li*B j .AaIuiLoj dc Sjb ^a Jub^ ;(11 — 12) J&wfi 

?( 11 - 12 ) jCiJl j ^1 i^UJir i,b 3 /? w a-^U g;f Jb Jpj[l jl*M Jb 4 cJuT 

Ail Ua»I .A*jtail) jLlli c__J ^1 4 ^jL«j J-$Jrl .E ~ IK ab^ <13 jilS j—S^Uj 

t# jl-Ul 3 / jbl 3 ^ ab£l *-bJL 4 . jw*S?lj toJ Jja)i ^JbUL *»1 iiLip c-*b; 4 C->L>L~J -1 f .1 y>rj -UP 

JLp jdd! JLfrJrl Jbr f tfjUJi JyilT j jUl Vji !u- ./ = E/R bj .JLfrJrl ajjij U£l 1 bjlill A* yd 

. AJ-*-* bjlb 4^1 

(8-12) AJL-4 

tfjl 10 o»bjlail aJ-ft ^ .o/bjtib 10 {1 1 — 1 2 ) 4 J 3 a^-jj a — ;1 y — 2*1 

JS" ij* b .V dc 15 a^Jri jjy» ,^jt 20 vLill ob^Uilj 

^jl 20 A a j. all oij ob jiill A JT yPj ji 10 Aa-a 11 ob objiail y* <aj{jia 

(8-12) J*. 

Z J? = (10 x 5 ) + (20 x 5 ) = 50 + 100 = 150 Q :** — J&t i — •jlii' j — *■ ^ 

IjJ .ijUJl J i._jlL. JT J jUl jL — ^1 -_Ji ./ = E/R = 15/150 = 0.10 A : jL — 

ij[ c/e„ = 10 42 


£ , „ = I(5„) = 0.10x 10= 1.0 V 



jLsJl : jJmP ^tsJt 


JUL ^ = 20 Qotr til 
E n -l {/?„) = 0.10 x 20 = 2.0 V 

5 .*1*4-1 x^r ^ -> ^ ^ ^ 'M iS — ^^1 *1 j — M o — $U. 

oUjli* 5 Waj' *^>r^j iV 5.0 iAi^pr tV 1.0 -Lpr 0j£o 

jP d jXx$\ 0>L«jljall 2 J-*-£ *^*2*“^ -V 10 tV 2.0 1-*^* U *J>r 

.5.0 V + 10 V= 15 V 

ijfrjiU) tljUjliAfl Je. JjfaJ 

5 jU*^ <^wL>«JU-Jk1 aJsj ^ kJt L£j jX&\ ^ip aJ jll 4 -j 1 ^j L ^» APj^t O^fl ^J-j — 

^JLp 4 J ^i,1 j^» jt *A\ ^jA ALkL~* 3 3 ^ 1 ^ ^^L.^1 01 ^*0aj • AaJg U ^. I t A-l>“t<Ajl djLi^U A*>s-jlii-1 

Jj>-1 ^ Jja^j y««J ^ .JuJLJl ^3 j+PjA 4LmJ-w- 3 l3j+^ ^1 ;« /» ■» £" ^k*l Cj* a3j$ «* j ^ j *-^1 

* * 

2^* 0'S/ t ija* £-L*all 01 Jaj»-^j 01 JJ AfcjJ jjalllw- lX,j tAJLii-l 3 libb^-l ^-jlva Lt 

. jjii N t-f* tAJLwa^ ^ ^-jlvail 

JL*^»r ^1 Jl*>- LoJlj Awii LoJli 0^^* JT 4A-P jiOl djljJl 3 *4-1 0 y 

/ 

3*>Ju t^^ull lJu6 . Jail J 1*4-1 iiUJu Av^t4--1 <a jlait ^Js- ^./g.P J5" ^ jLi]1 X*Stu ,4jjlia*— Jl 

V - C tJLJLj 0^1«xlj tjL»* ^|^. J t^LrWb 4 ^ W »J LfcP^fiU A 1^ *[^^11 )l 05 ^ ^il 

^ J 

,oli J^ll dJLft 

lit .If-i; 4 ^ ^jyi# 3 ^aj 4A-P -yaJt « JjJt ^ (il JJajJ lit 

.U™. 5j> J^ c- ^ll 3 ^ ^ aA-U-* Jp jili JLgJrl Sjj* 01 ^y >\ 1 ^A (O^iJbr 

AjP jiifl ^IjLa jIIaA ^4 S jLaS (lit jbifl 

./? ^ SjUft 3 4X11 a*p ydl i^Uil .(12-12) jSLi Si 3 ^.,.^^1 k Jxsdl JJ xJ* 

A ji^Vl i/? rt <*jUl1 iSy^ l^-^ 1 ^ ji3l 3 jW^I <^1 — ^ j .£* j — * Aj jUa- — ll J — ^>r 

*4 

5 jl-Ul 3 jl^l |»-«. < ^ ^ 3^1 I jUxll (^jkwo ojljJl 3 /„ 

.AjLJL-jJI 0 jljJl 3 i4 ij; j>r ^31 aSj ^ kU AjLiw* 4 A-P jXS\ 

(9-12) iJL-44 

3 jljJl 3 d^-jj ajI kajf ^ J* 1 .V 12 Ai*J x$£ ijJ (12-12) JS^I 3 ajjVUJ 1 01 ^ *^il 

?4j jVkJl ^ jlkl jA U .^jl 120 l-^> 3^ A^-i jLL* 12 Ajp jiili 

( 9 - 12 ) > 

/?„ = 120 .1 g «~ai A^kl ol* jiail OS/ 3^^ -A-l^jl A* jiail x>r i ^ jl 





: fj' I j\~i\ jJ: .fjl R — 10 ^ J-yO>ui 12 

/ = E/R = 12/10 = 1.2 A 



.dc a jloll ^ ifj\ >11 f^c- (jWj^ :(12“12) (JlyJI 


(10-12) 

\ q M a .) p--i OjLS^ lil t ( 1 2 — 12) (j c3 — **■* 

?4-5jLwJI sJLw-Jil (Jj 

(10-12) J* 

a^x-iJIj .R n = 120 £cJ^i 12 y* ^ ^ t3 f jk *~, — j 

O^li ~4a^\y, >t*SM aa d*l y / B *\£\ <J j£ 

l n = E/R n = 12/120 = 0.10 A 

tUjliaL* Uy 12 ./ jLJl l5 Lp I n ^-3 £-*jA aJI J5^LJ l; — Pi 

.aaa^ A^xjiJlj .A 1.2 — 12 x 0.10 *A 0.10 ^ j J$ j£ 


udjijJl gyi Aj&UalmV) £jjj 

^1p d^L^Li/* y£~ djii ^3 ApUa^^l Jup , aJL**J*^*iJ 1 i-Uu i x Pi 

iP n apUslu-VI ,j-* AiswJL IjJJL* 5 j1jJI (j jlil c/ jLd! cJ»Lij5"l ja a^-L^ L* J 5^ 

,P n = / 2 i? w A».^ liUlPl f J)l\j <.R n l^U-i A* jU* (j\ A^\ JJ diJuil APljsa iw-Vl ^ J toi i^Jlj 5 jJjL* 



jtsJl : jJUp yUJl 


,Aa *^JiA \^} ^ O^wLjj a 4?I ^Jl ^ ( ^ 1 aXJL*U 0^)1^ 0^wL*Ll AaISsJI Apljfll>«i< \ (_£ ^1 *-w J 

.-Lgjirl Ai ^jaJl A-J-«^JLaJ ojl^ ^ Apljal— 

(11-12) <1— 

_j il? 2 = 6^0 flj ti?| = 330 Q :oUjlX« V 150 M** d~j o jb L>jJ Ait j? yi\ 

?J? 2 4a— I ^ d^J-il ApUal-^l ^ t» ./? 3 = 910 Q 

(11-12) J* 

aJ objLill 01 1C, .Aji^jl - '.. • + tbiDJj ^LaU ,djljJl (3 jlil jbJl *bs- 

/= jUl j/L A»-Jb .7? = 330 + 680 + 910 = 1920 Q ^ bl&l JUjUll jb t JU~dl 
R 2 ak-lj, SiJLll apII^^I j/j, .150/1920 = 0.07813 A = 78.1 mA 
P 2 = //? 2 = 0.07813 x 0.07813 x 680 = 4.151 W 
. W 4.15 |_jl+ (J-v* 5 ^ cb*L* ^lijl Aj'ib ,jl jtjjjib 14a k _= jij tw=£ 

4jp jiSA till J4it ^ 4c.Uaiutf1 £jjj 

.T 5 = /^7? (_£l j^..-ji.i 3 a. ..a, LI U*_j ApUa^l L$i» JS" jJULji-j yijl OU jliLl J-asj +: f- 

Ah.»l^j »JJl11 P n acI U-.^*^) l ibt'y t».«;Sfl Aaj jlaJl jj .<L»jliL* jr (J <u~jai jUl jj Svj *7 S3j 

JT -L$Jr j_j£j . Jjjil jA £ jl lL~>- iP n = E 2 /R„ I ^lo^^vb ^A 7?„ Lf: *-» 2 *jUa 

. A**oij .A g >r 4 »*^IjL* 

JS" ooL* jLiil 4a— oaaJJ a^I ^J l a*p jjit ^ a^JL^l4*1 aJ^JI 4-p-Uai— 

^ LJLJ ^ AiOail .oL*jUL* <_£ dc (S^ 4*^^? a^*a 4| 3 dJJij ,oJL>- 

(12-12) U**. 

JLp 4 yp y c/? 3 = 68 c/?2 = 47 fij ti?j = 22 Q 5jb ^ 

. A_*^LiL* J5" Aja— Apljal— I .£* = 3.0 V ^ ^ j-ixil 

(12-12) Ja. 

t P, = 9.0/22 = 0.4091 W Jblb j lE 2 = 3.0 x 3.0 = 9.0 ^ c^ 2 ^ 

a,^ 1 Sfl oi—^ <w=j — ii s — j t P 3 = 9.0/68 = 0. 1 324 Wj <P 2 = 9.0/47 = 0. 1 9 1 5 wj 
^^3 = 0.13 Wj iP 2 = 0.19 Wj 4 P, = 0.41 W J) jijJsil 


L4J&JJ& Oj^l jS 


jr*j t3 b>-b (1887—1824) c3^i» ojjijj ^ jl S " 

.aJL) ^4^)1 cjI jLdl AjA^ JJj JJj ^Jl 



OLijy&ytj cfrU k-jUt 


jbitt ^ ui>i J^S 03^ 

<jt c^^tL) Sfl ^>* (J 5 *LJLj ajLJIw* ^4-*j ol <»_— ^ jl 

tOjljJi Jj <1 ai» <^fy ^5>fcV? iJLfcj ,l$-P Sj^UaJI oljL^l l^jj U <Jaij o j! ^l! ol jLllt 

.(13-12) J^-iJf) <JaiJ^ ^ SjiUJl jf IsJtjjH ^ AiSliw H J 

^Jbtl! Oj!Sj jl ^-r~£ tfrlii y iS^ ^ c3L,aj <-*> j+~3 L^J Jb*r-^j *)[ ob* — 5. ^ 

J^-Vj y f.lii J^_^x> jl V . j.>Ua !1 ^i^Jl iJjtO L^L-u» ^)l 4^*^ll ^i^Jl 

SjIjJI <J 4j>xJtJl <-3 j+fiCH jl 4)1 c-i yjS* .tw^US/l y ji *a ^Uaj ^Jp-ta ic&z jl 

t ^ a t AjSj j \* 1 1 j <L»J L> j ^ 5^ j 

(13-12) aLma 

fjl 100 t^_)L~J Z *3ojbJ\ Ji**' ^ JS' <^S of y* ja\ t(l 3— 12) j£>oJl t) 

fjf 100 IfuJ i>jU. jr £ jli! jUl , r / 10.0 ^ z aUJl JUO 0 j 5B oUjUil ^ otj 
Ot y^l/il t^jf 10.0 oUjUlt j* ij\ d jli' jM 1 >* 0* .(0.500 A) mA 500 i£ jL~j 

?^i 10.0 oUjUil y i^S ^lp bl A$Jrl y* L*j jL-jJlo 

t 



C jUJ jLnlt ^ g^Uu z * 3*011 ^ JibB JjaB . jlufl ^ U^, j£ <jJ** :(13“12) JS^a 

./y + J 2 — 1 3 + I 4 + I 5 1<IUJ *^A ,Z sJja 

(13-12) y 

(» — - ft' j of v^j -500 mA + 500 mA = 1.00 A — i Z j jlj — II — I53l jL — ill 01 

OjL»jlill .0 a {j , f j jLJl Oj£j OOJOJ . ^ jf 10 ‘“ j l oljj.^ « a — ^ Ip (_g^l - - *ll ; 

0 Ijiis ak-l ^ c J? 10.0 oU jliil ^ ^f ^ J*yi iUil . 1 .00/3 A = 0.333 A= 333 mA 

.E = IR = 0.333 x 10.0 = 3.33 V : f _,f 




4 4— 4^3ri ( *jA 4ja Alii &~L1 oo L* 4 IjL <Ua» a^b (3 3^-®***^ JllP .5^^3"S ^ 

J-S^^tllL J^-Jj . ^JLfc ji! Lj ^P ^>»S/S iJU& fri ji}\ ^Jamj Ju£ .lyL^? L*jb 4 jU^^ 4 -L 4. ? jgtfll Jt^-Lj 

. 9^jl»Xll 3 4AjLk>*Jj J^LtJl iju .A g >r S^r y 4^-Jt) l ji ^ol J}\ jf ^?L j.H.«xJl ^JslA^t 3 

Oj^j . ^$jJb 4ji ^ IJl?- ia r «o cilb Oi .1 ^^a;l 4 ^»«jJL ^?L j *]aAij jj ji ^ 

* 

.Lub at { j£' o jj./sa* ftjijJl 3 4]aAi5l 

oi: . ^Jbdi LiJj jf JlgJrS Oi N 4 jI JL^Jrl (3 ^ ulT L*JllP e3 y* j& 4Jl5 L* 

.©i^?r ^i! £^j^ili jj J lp /^5sj Llj iJLftjc* ojljJl J>^ Li tajb 3 S (3 *jjS y* 0 ^*^Ji <3j^i ^ Oi 

* 

o^L^Lali ^ o^ijiAli Li*-w^ l ^Jl fi J — pLflii ^jL — ip^/L j — >~ 

Oi .4 j jUaJi 4-Jaii 1~S\ju» oL jUll j>P emf tS y 4~kS 0 J& C j JL^>r ^ — Lp J ^*a — >*ii 

£~*jA aJlJl^j Sjta JLp 4i£jj 4Jl .(14— 12) ^j^iJi (3 j*- — 4^1 — Si 

.(14-12) J^iJi <3 t^ya^Ji | » g La«> jS^ emf ji <> jUaJi cIaL^Ss^ 



E + El + £2 + E3 + £4 = 0 j j^J .^]i ^ ^ j^S ^ :(14-12) 

. (jliJuoJU 4 T rJaflli Aklj tilbj 

(14-12) 5JL.L4 

80 j t70j c60j i50 (j* £}J^ objUli jt ^ jj\ .(14-12) 3 ^i ap 

?£ x^ y> U .(0.500 A) mA 500 y> . jlll jUi d[ j tf J 

(14-12) 

3 ^to^LL^L tiiii 3 ^ .objiili JS" t£ 4 j c£ 3 j t£ 2 j <.E X ^ — >:■ 

U. >JL .£j = 0.500 x 50 = 25 V OjS^j c f jf 50 ^ jUll 3 jUJ ^ <.E X 4_SL- 
E x + E 2 + £3 + 0 j£jj £ 4 = 40 Vj lE 3 = 35 Vj t £ 2 = 30 V l^ii 

.£ 4 = 25 + 30 + 35 + 40 V = 1 30 V 




4-jLf l ■ ©a*>- . 6 jJ St a*P ^J .,<? fill 1-LA ^ ^Aill ^1 ■ 1 A 

,<-aIi ^]1 Sjl7 Q2j>- j* Ol ^4*1^ (^>b^ 

^a L* .s 1.00 ojji (jA^ £ > Jl *>«-iJl 10 17 x 5.00 (5*-^ *^1 j — -*' .1 

y b ^Jl a^M 

V 0.080 (a) 

V 12.5 (b) 

V 5.00 (c) 

,oL> _ji*il «JLa ^ <l>L->- V (d) 

<01 ^1 jU>l Uit jSU .2 

.cJyJl; f j( (a) 
.oi^Jb ^_)i (b) 
oJ> (c) 
, fJ t-oJ> (d) 

x 3.3 jl 33,000 <^l) k£2 33 ^ojUll ts-x?-\ S-^J .a- L J — j Sjb j - > _)* r _) J?j — **' -3 

.W3.3 kfl 33 5>jUll d=u4* wail ipUai-VI SajULI w ,( fJ ? 10 4 

?3j _j4^l SajISII (J jlil jLJ I _yk L. 

A 0.11 (a) 

mA 10 (b) 

mA 0.33 (c) 

«JLa ^ 4jLwo- V (d) 

ipUai-vV' lil i(ji~4 (^^Lll;) I <j jlil jlallj (cJ jjilb) E JajUa j>p a^Jrl 01^ til .4 

; 4JI1JI Aju^aJl (ol jib) P 

■P = El (a) 
.P=£7* 10 3 (b) 

.P = £7 x 10“ 3 (c) 

•P = E/I (d) 




jUsll : jJUp jlsll 


dc ^ yy j ^ ^ y^ y 4^.,h *j l ■ ^ ap^^? libaJ Ail yh .5 

AiujSlI ^Ull J jlil jLiU liU t apj — J f ji ^-iUil a^f <J >^l lil .V 3.0 a^_*J 

?A-iJ.I 

,4_ij (a) 

.abj*- (b) 

■U-**- ( c ) 

.ji^i\ Jl (d) 

.Xj-I ^Jb j £\ Jl JjbJl j-*j .6 

.*Jji*ii AiJi Lj (b) 

■ AA^wall AsJibj (c) 

. d jJfclll 4l*lStj (d) 

<_£ A^JSj jl 100 (j^»jUil e£wL>-| 4-4-J .4-P yij J 3j *- j Jp J 3 1 .7 

^ L* .(W 0.500 mW 500 ^jl —100 A^*jUil 4ja~-ljj o-xJJ ApUai^'i/lj ,aJj^£ 

VAij^r l JU jliLl j jlil jUl 

mA 71 (a) 

A 25 (b) 

A 200 (c) 

.Ol* ^lxil dJlA 4 jL*o- ^jSoT V (d) 

jLlll (3*^ .8 

.t^jLjl (wJaiJl Jl CjJaiil (a) 

.^-J*r*jil b-Jaxll Jl (wsJaAll ^ (b) 

.p-$j *)l caW ^ \ j (c) 

.jiJcj ^ jLiil N (d) 

6Sj> x^>r jjfc L* .mA 50.0 SjI«aJI oXa Jj jlil jLill <l)tj 620 <31 ^ j — ^ .9 

r^j\A\ 

kV 12.4 (a) 

V 31.0 (b) 





V 10" 5 x 8.06 (c) 

, ^jA 4jL— >>- (d) 

?yb jg J-.U- djl^i V *>• tfl 10 


. (a) 

jj^i (b> 


■V^' (c) 

.0^' (d) 




- 




(ac) jUlil jLlll di . (ol^V^ <~JgjtJf IjjJ j>*lA 

ydf C4J _^Li4j) oN y>*l* Jj>r Jj 



^ oJL* Lfr^jii ^aJ c^L-JaJ jl ot^l 4 J jLJ jJ* ^jb ^ 

* ' ■-. 

j! C»>tjw*Sn ^JLp olSv«l ^4 jcw-J 1 j>s J *_£- ^jlj ajlJill J 3 aL£^\j 1 dti 1 

.j^So* jSLio ac <J Kigal i ^jS \ jc3 .olljS £.€$£%& 


^ fj* fjr&f&S*: 

j» M *' 

\ jLJi JA IJL— j 

■jMmP 


ljjUI a!\ jLnfl uLj*j 




<} ^jjl w* i*_U e u_# J^-S, ■ I 


(.Z/jjJJf ac 

jA jjdJl .^ c li j^So <j3.a tJ-vaiJl 13 — > a.~, .SUlw 

,4i>-*>Ul Ojjjdl jl c<>- j^JJ aJL>-lj SjjjJ jt ji 

.Ajau^o ac A*ry JJ* (1-13) k 

^fLBJ jlj.it ^yXZ .djJ O^PJ aJ^S* <j* J^=> ty* Ju \jja> Or^l* JJ-> 

ajjb ^-t ^-Ul Ji3-1 f^J .J*t jt tj* d^j^ j — - ij — £ dBMH^ ^ 

^ ^ f § ■ ■ ^ 

<u>#L5 -1 _lp t j^*jj .o->I J L ^-Ixj j' jJj' oi .^ ' . > .4 ' a -L a oILM 4j *Al .-il »^-.. L_1 



%»-:.; -iV'L; 

■ ■■'■■ ■ 

■ ; :■ ■■•:.■■ 

■ ‘- . ■ "■'. ■■■'■■ . 

V :•;-■■■■ 

■i^Si < i£i'3,ujA. ®®-^CT'W»S*>S?fc‘'eS 1 


OLi jy&y j j :^tdl w>VJt 



JJjSlI 

ILL* 11 yi\ Jj-L£ <_£ jst ,T= \lfj *f = 1 IT c£l i—^_jlL« jA f a) y y ^JJl 11 y 01 

jl ijji jL&Ij iJbdl obj y\\ iS y^j • cps IjLa^-lj c <JLdb tSjljjjJl iJju ‘(1970 ^|0) 

<0 

oJ^- yu t * L V ' ojj* . aJLSIj oljjjJl Oy^i ^ uh^* ^ JljJ c o^ji jl /L * 

,lo£jk J ‘ 10 Hz = 10 cps J ‘ 1 Hz = 1 cps JLlbj .Hz { jLa^-lj (.y ji>\j 33 yd) L^LaJI 

idsffj ‘(GHz) uJrlj ‘(MHz) UJlj ‘(kHz) _/y JJJu jA f! ob; yd\ 0 W 

^ .(THz) >■>» 

1 kHz = 1,000 Hz = 10 3 Hz 
1 MHz = 1,000 kHz= 10 6 Hz 
1 GHz = 1,000 MHz = 10 9 Hz 
1 THz = 1,000 GHz = 10 12 Hz 

(1-13) 5i— 

?jj y U»ib Vy _jL^Jb ?jJ ^Ab 11 jilt jA L* .s 10 6 x 5.000 _y* jji ^L 

(1-13) J* 

:^l _jilb Ij*lL« jjLil jlL* O^-L oJJi j y ^Ab lj.LL»^j z ^ Ji>- tV 

/ Hz = 1/(5.000 x 10" 6 ) = 2.000 x 10 5 Hz 


<_> jbdl jUJt : ji* dJlill J-aaJt 


'•jj* (A** ts^ _)'Ahz 10 3 1,000 (♦— ■» f 

f kHz = W10 3 = 2.000 x 10 5 /10 3 = 200.0 kHz 
:j;y> UJ.I 'jX**./mhz 10 3 _)i 1,000 (^Ahz ^ 

/mhz = Ahz/ 10 3 = 200.0/1 0 3 = 0.2000 MHz 

. ^J.1 la ■ •■ j t . 4-jL^ ap y*j* y j ^ la ’ 

(J ^-0> _jil ^r- _jil ( j£Li J) .4-jSr 3*. jt 3__*- 4*_is i 9 4i^JLj jLiU 

<A .ajUS" a—*- a» ^ JSXi ^Js- 0 _j^o" w/ li ac iz-/ .3^*- i*? y y (1-13) 

. J aJU J 0 j 0 aLaIS"* A**^- jLJ ter y 

. ^ AA Ij J ^ ^ . I 1 _A~- A ... -l ^i A*- jil Aj A^-^ll -Xi cl j 1 A f - 

* f * * <* t _ <" 

3jjj .ljj>r Ijaju^ i^Lp dl y (^jjl jLk^Ol ^JlP JjXj .(^ ^>-i obj ^xl jLiT 4JLJLA-I (j Jj>r JJ l ^JL— aJ I 

JL?rjj -Hz 60 - 20 tLj ^A j 41-15" A**^ A^f j** (^3 jLd a Jj>*xi.l CoLfb/ 3 J\ <ic a^ — •£» 

olilyil 


AjujaSI Aaj-JI 


* * 0 

L) jXj J (,4j jljxil AjadJj J? ^JaoA-l jjS"" p— *»ij ^jAp aJUI>J| 4a; ^// far^if ^ 

d^lp dL^l 3 (j^L .((^ — 2 — 13) aJLv JaiA-l A**)a3j A^>r J? ^la.^i JL>-1 A* 


3^3 


. ((c_^— 2 — 13) ^»') o'^UxI'b/l Ajjj 

Ajjlj A ^- jJS Adl^a Li AjL^*Jl JUb J ,Aj^L»a-JX« aJLw*» ^-a» jj A-J>r J Axj ji.1 A>-^*JJ Ji3 

cJwajJj +X AjjL«> a-Xi ajuwJI Oj^*j . J^->r jf jLj jl Aptkx— I 1 

. C->!j jl jy T *\ jl oJ ji —X 

. Ajiixi- aJLJI p-A>JaJlj AaJV ji! aL ykS> j J^SJ (JU-^>- C« 4jt> ^Jll C>L?r jil j4w 0 j 

aL ^ jaJl Oj^j Ajjx* jJl o j/ xiJl lJlJL^ a*>* L^ i aL ^ laJl j jSsJ ^ l! a^j il :<?ll c »15^ lb[ 

A^rjlf i^\ A^ajaS' I ^Ija^aiL) ULsajJ AjL^ > - Axj Aj>r Q. . a<wJ A>- ^li (ji 9 ( 4_JL_^ ^ ^ - • 

. aJLJ±Lc*SI 






• Ic-jjiJj jig-la^ {c-)) AlalS buj* (1) :(2~13) Ji«U 

jLuOaII £y * I 

Aj O— Jl ^ «JLl— -* jj-io . <4a^~ ^SsJ j oL O^JbcC. aC y*\ ^^ui* 

„ U& j g *_.. «■!>*) ^L^ili ^p-UJ . j^ J ^p j ** 

* * 

j** s^lII) s-^* li JUiNl Oi .jlAiil l y** os- ^1 lJi>-ij (3 — 13) — Si £«■ — <^>ji 

L)1 .^jJSj» (jlJL^-^l jl J?j^l) t^Jb-Jl ^J*il IS cOj ^ *br ^il <J 1*5*" tljj>r jIU^-Yl 

JC-^lJ j^U- J^Ual* Jyu^y <j <j^ ^ >* ^*-^1 jj^ 

V— ~?r^ll jJl-Ali^U ^£jJj ^J*C. J^LiiJ ^ju£>\*a ^ Or ^1 J^-Yl ^ 

(ramp) 4-i*^-/ o *- jli jL^yi J g-i j* Ja^Jl 'jla ^ju JU^YU <j* y\& J* — - j 

3 (CRT) Zjzrfl f S 7 / ^?r^li J^-iJl 'bftk j .((4-13) J^-iJi) 

. jijiA^fl p— »ljj jLaliJl 

.oiiStll bjL^ Y bfcXP j I J^jlLI ^lj>Y jl.i^-Ylj vail 4a*- L d\ 

J-ii ji JUiYS <~i; j* <JbU djj^ j J*l! te JUiYl OJ .Al2>ty ®Juh Jb-t (5-13) j£Li M 

. 4*iZi> o*- y LiJ . c-JbJl 

(2-13) si— 

.(s 10' 6 x 1.0 jf l.Ojis) ajli 1.0 jL- (5-13) J^iJl J Uit VSjJi JT jf 

y yfi> \a ^oiliil Or jjn L« 



•c-'C.- "V 


VjL^ jM* 






•ramp ls**^ j jUij-« < 3 ** :(4—13) 


(2-13) J* 

^n^ a ]l *.Uji £• 14 ^Ji 3i aJLil ^ A?- ^ll cSJJi 41>Ul A Aj—}a}\ jj 

^Aj . f.Ljl ^ *&r 14 (jL-Jl ^1 j\ ^J,V) 4*iUji A ta a:ll il*£j 

jL*v« T jj*a 3I j .Sj ^ aJ! UJjJj Sj3j-U£ ^JiVl iS-jiil oU^jJu ^jl oJLa LJL>- 

./= 1/7= l/{4.0 X KT 6 ) = 2.5 X 10 5 Hz : jjjJl y> « ^1 .s 4.0 x lO^ 6 j\ ^s 4.0 


J J 



A*^1J 

. A nfua Aja. ja :(5”13) <j£*yyj) 

aJUIS^I djjjdl <U«iJ . AlOr! ^JJlPxdJ yw?' t\j>r\ jj 2LC 0 j ^UJUJl i 

. a yb <J j>- dJL>-l j djjJlj 

Aj^U tejaS AjjjsJI 

<* «■ # # 

b) a p+M y+* .AJblU ajj^ JJbtC. {£ yb JSLio AiJb* 5 £ oii <j Oslj>- jjJu dJjl — xil 

c£ yi~JJ j Ulb c£yb 5 jjJb" dJjt ^ yil .((1-6-13) j£-*Ji) *UaiJl j ay b 

bl .<L*JJsL* (jL^) A-u^Lj cylaJl APli (J uJL)J^ ^ yAJ dJji c3 bjL^» £_0 j $A*~ij 

Cijy ?<J.l lS bUi ca^^Ji jiw y *.* ** (3 bbp jl atyp j !-L*j frlix^Sfl a_^t jL_r 

tlgjfcbrl ^ySsju ^ ctl?Li dbrL j JjbJ Ub"* j 6 ^Jl jJy .LUb j 4 JLpt yj& tAjjJbil fij — ^Ji Ja fii 

J-s^al) t aJIj UpLJ ^ ^ j~*l JjbJ ^ .((cy— 6“ 13) JSsJJlJ ^Jijl) jL~Jl al^L *Xj J»Pr ^y* a j-ib* 

Abb* djji jt Hz 1 bXb .JUJb*- /y* jljjjJlj IJLj tjb-Jl ^yajf (J Ajl^Jl AiajJj 

.Ajlilb ajj^ J JjcC. a ^S\ jj~tf dJb S/ tAJbiU 

JSCjJI) A-y* A?r JA Aa^yjJl 0 c/y*y}( aJ^JU ^JUj-W? U&ly L«b" d ^1)1 £- b> y* C- C*j b! 

yl A^vLjlil Or yLl ^Jsu^y .A^brl cl^br yll A^bJ Apr y Ll aJ i .( (V — 13) 

y = a sin fex y* j*UJi j .(x, y) ^ yiw j y = sin x )\ ^b — IL a- — 

. j L i a Ap - OL^ap ObL> bj a d\ c-*p- 



cA,.. Wt ih;«U y tfrb :^UJt lyUt 




«j-* 0-~>- 6jL~i. 'f j*- 360 (j! 1$.^— i b ^ ac Sjj.s -i — j-^ <3j — t> i£J — ■»-} 01 

Jl °0 -u-j .(iUT uKll iOT ^ ^jL. ^ yj_>) deg ji°U y Jj ^U-jJuJL e lj_^rVt 

<* j# 

“JJ^ 1 Or* -Uajtill Joju .L*-y* JlJ&\l OjSoy I yw? Lg-J 3JL jWl J y^J ^Jl ijjjJl yA Sjai; )1 

y£y ^90° £jjj *180° A^»yaJl (j\lAoL-Jl fju aJ^jl) ^LiaJ .360° 4 a>-*>Ul 

.dJUi (8-13) JSLiJl .45° SyyJdl 



4»wl l 


360° Jj A^y-dl Sjyi :(8“13) 


jLJljll 

4j\ .LyL^i* \zy>r 6.2832 yl 2ti <jl ac plj^f Jj_b>*i) c£y>-S/t a*j j — yt 

^053' ajIi^ y>Lcj) rad ^ >■> ^Jilly JL>-I yll jLpt jll o yli ^i£- ^ y^ yll Olot jit 

O^Ji^wJl J-vP o'illi-l ^ 3 A^-j^dl y* ji£3 OLot jJt 0jJLyji)l .57.296° j,t y>- t(5 — L*IS"* 

•SC ijJ> <0^‘ j* 

01 .(AJliiL «jj«5) yyll y* N-Aj (rad/s) AOtiJlj OLol jlL 01^-\t yx*j <j ac a?-- y» yl aj 

OLpty 2 tc ^ yv j i_....~i di-lij y jJsLj yilt 27T c£ yl~o t AJtiltj Otj^tjJb IjJii. ti?- yJU jjj r// 

.(ft>) L^yyt Julit yXMait yj^l lJS yi-L ^yljJl ^ 'yll y*y .360° aLI^JI ijjjJt <j 

(3-13) ML* 

.Hz 60.0 A^yt ac a£- 0 01 y> yil ? Jj — ill ac jM c£ yljll ^yJl y* U 



V jtsLl OJliil 


(3-13) J* 

^ yJl 46. 2832 Ju-dJi jUj 2n jt o y&\ te! ,2n 4-*-dJb y ytb jUXii 55 yJi — &\ 

Ujilp ^ 

CD = 6.2832 x 60.0 = 376.992 rad/s 

. JaJal 4 -*La flijt Aj^Jj AaJ Li* ^J^-jJl oULj uSl T&d/s 377 <^l jjjXdb I*La ydj 

(4-13) Aiun 

?>. y> t. .rad/s 10 5 x 3.8865 a>- ^ yJl £L 

.i»U flijf Aj^bb 

(4-13) J* 

jJJj> j AJli)b jbal Jb jljJl ^ yJl ^lli> ,y ykb :>:> yi\ ^ jl Jbr c^J — Ji J — i- 

«* " 

^ yil Oj£L> .6.2832 bj yiJ ^jbw c27i 

/ Hz = ( 3.8865 x 10 5 )/6.2832 
= 6.1855 x 10 4 Hz 

I a*\-a ^lijl aj^Aj ^1 A^jiJl (** dO t y ^JL^Jb 55 yJl u^' <S 

/kH Z = 6.1855 x 10 4 /10 3 
= 61.855 kHz ~ 61.9 kHz 

4 ju*D 

ac Aj>r Asuw Jj wL^- ^SsJT .aJLtJf jl j! (_g jl ZL jJaJb LXjI 4jt-Jl ^ — PJJ jl — ^JT 

. ^4pl]dLbo*^AJ^ od^Jl jf 4^-b^*JJ^ oJ^dJl jl c(jLdJ) jw«Sfb 


4-uVl 4 juA\ 

An— Jl dJlft yo j . A^JC* A^L4 j aJsl^“ <J 3 Af'UaX-x'yi jl jbbll jl JLgJrl ac A>- jl A. »'}// « // 

-bblb O^bc^wJl ^Jjb*j . ^J»l ^Jp A u « J I ^ 1^ bb 

. A>- jil 

A-IxujjIaII AjLuJI 

jl jbl^ y (3^ -b^3!xii (^ja^-^31 ^jl) Ja-xjlll A ac Aj>r J 1 4^2 Z*~* if 

Ax^Jl . Aj?r^J.I O^lj^-Ul ^jA 5‘XS' j\ b ♦ d^X>-l^ A^>- djJLi* A^j'^/I AplJdLi^'^l 

J^io y .A^jilii! Aj>r jil jl A*J jil ac Aj>r A^*uaJ y*Sll J .1 ac Aj>r ji aJs^ jlil 





yA JjL-il fijyfc 4>wyS> yP 6 A^\j l) 1 (iLSsJT ,j\J0l 1I y— # £-IjaS| 4— *jJ\j 4 a\aJ| 4 Jiji-I tjJ li 

cJs jxi \z*£ iil ♦ (5 — 1 3) (1-13) yA J3 o^> ^ii A*>r yil OIaaL jiaJl d^>~ 

.4JaIS*" 4>tja J jb ^1p ^y>ryil JaI^j ^ 4ja— * yil 4 a— J l 01 cJ> yu dJbU i^JaISsJIj 


^LaSJl Ajum 

oL> j .4J^I 4 a— J I 4iij (^JJl C^JLJl jt jil t^JiP^l (^Jdi ^ ac ^*T -U^/ 4*u^ 

.OL^^I (j oljt^Jl o jjfc y^Jj ,l$-uij £-1 ja^I yA JUJUD 4*11— Jlj 4- ?r jil 4_— JlSi 

. 4 XJI 4aJjJ| 4a— J 4j jl— >A 4^3ryil <L*jaJl 4 a— » (1) 4j>r yL (9 — 13) ^ 

, 4jjJjL^- 4-jL—Jl^ 4-*?ryll 4 ajsJ1 i— *Ia— # <J 0 *Ot yA (10*”13) 


^UaS - - AjM <> AjlulU 


4a-# j 4^ryll 4-aJiil 4^v<# yu y L saJ^ (j yiM 43s- yl (pk — pk) ~ dJ 4^aJl yA 4 a* * .. if 

y jl— J <L*Ji3l — jj,] — <L*JiJi y>» 4 a— J l 01 <£ y>-\ 4aj J&j oJLii J j-flj j .((1 1 — 13) ^J^-iJl) 4 JI— Jl 5 — *JJI 


. 4 JL— Jl 4 -ajJI 4a— J 4jdiail 4-*yaJlj 4-prjll 4 ajJ| 4a—# ^ y * *^r 


aJLM 


f.Ujl 4^r yll (^jZ m kA yP jj-AlU 4 jJj jl? 4 ajJ| — ^1 — 4ajJ| yA 4 a— J l jj^aJ 

j .<L*jsJ| 4a—# yiaQ aJ 4 jjL~a oU jil yA JjJuJl (j 4-*jJl — ^1 — <UjaJl yA 4 a— J l 0 y>^> 

.yo jL— — • 2jl Sij 4^>r jil OLxa— J l Lg_j 0 yXJ ^Jl 



i>^ 


4a— Jl 


.4JlaJi oIa yljjjl—nA yl^ftjudll .4 jJLui1Ij 4_i^. jaII yja^aSl tH*— j i^9~13) (JiuJI 





OUjjS^l^hj ctb <-->Lh 


AjuA Qja Jax-ijlil <yujj5fl jiaJ 

3JUiJl .ac ^>rji jJUjiff <A~Ji ^ y j j£o Ji Jp-S/1 j — * jy — 5" <j 

djljlil jl ^UaJl jj <U*uij ^UJl jotlll Li dC ijjx* L^rr^lwx ^1 4pUo2a**VI jl jLlil jl 

yfSlI j£jJl ^ U)> 117 ^i LbLi cV 117 J JLp, jt Jjii L*jup . 4 yyki 

.r/W 5 y £J y Jz+* jd ( ^JLJ jj! jdJrL ZJbuij! ac C*>1> ju~i tp 

j jJr^ L->L)J 4^1*-* (,£ 4 j t y/ ®jL. & ^ *J 

c4Jl*IS\JI 4**^-' 4j>r y.1 . a)g ««< ^xi' 4 a**J| ^jp I1T1S 4*-^ pflix^- . 4. ^ 5 ^ y 4 la^^xl ^ jcj ^ xi! 

tcr 5"U^ JSC^o .pk - pk 4 *~Jl 0.354 j' 4 ^iJi 4 ^ ^U->f 0.707 rms 4 ^J ^ jLj 

l£ j*r- .rms 2.828 pk-pk lS urns 4 -*J ^JU -^1 1.414 wJ' 4 *^ 4 *J — ; 

JlujaJl wCgJr' y j' <*l*L*Jl 4^>wxJi JL^psjf" c4JL*15nJ| 4**^-' 4>t jil Jlgj*- rms flij' ^Lxil oy Lp 

pk— pk 4<*-J gj jL~J j c4^k-a]l 4^jiJ 4 j^Lwvo* C4L.IS" 4*j ^ * 4>r j— -i. 4y*x* Jlj flTlS 4*^ i jj SCj 

43 ^jJ) c 4 ^)ai;U jjp ^-1 jLiull ^ax* ^\ y*)l 4 -^^ J Lj .ayJl 4 -<y ^y. w .. /p j rms 4^*5 
JSLi J 4 ^a)I 4 ^J ^ yi rms W j yj ^ . 4 ^ jii 4 i^ LS i p 4 — Uil 4 ^ — rms ^ — » 

a 

uaSjaS Dc 

yjjA ac/dc oiy J* Jliii .dc^ ac oiy - y Olp-S/i ya^j J 4 ^.j^U oyl» j — * 

. 4 -*L*Jl 4 ^ .. aa. 3 1 ^ l ac ^ Ip 4 4 j j ^ cac 

I^jw cac j-* dc 4 -iT oj^l 4 131 .dc 4 -*^ y* ac 4 ^-j-* £* j — 

yjLJl V-200 41 a-J dc ^ '31 tMi- dI33 oix^ .dc 4 ^ y JUis. jf ^ jb I^ip 

,i jyyej l jy^ 4jT ^aj <^r^J V 200 4 ^-aj dc <>r 0 Ua>- Jbu^> .4>UJl 4^LjJi ^ ^ ^ 

.4JbU d JLi yi jSLiJ! (12-13) JSCiJ' 

(5~13) <iU4 

-Lpr y& l* .dc ^ y (j\ ^ 4 j f yjl ^ .V 60 ac 4 ^ji pk-pk 4 *-Ji ylS ^ 

?4^i)( 

(5“13) 

•V pk 30 ji c4^j — ^1 — jl^jv 4xk-j cJj-sAi Jl L*Lc LjL-w* <ibM ®jjb 4 x»ji]! >^ ;>r ^j-Ni 

.V— 30 ^V+ 30 <Jupj 



o jUsll jtdl : jU- dJlill J^ull 



.+200 -Vdc f Jx-UUI Jc. j- V rms 1 17 o- L>» ac/dc ^ >. :(12-13) JiAK 

(6-13) Ajt*. 

La . ^5 1 3) 3JL-J.1 ^ 4-— ^4 4^r ^ +10 L^— a— > dc 4.S”" j* ‘ — ^ 

JlgJr jJk 

(6-13) Ja. 

2L>- jil JuJlII i 4-dilail OOLp'y tiJJi j caLL-^j I Jj& j P 3 jL-^I £Lc ^ 

OU JULj .v >30 *JUJl V +30 ^ 4(5-13) *JLll aJU j .iJL^Jij 

^4* 4A>r^iJ ^^Ip V +10 1 ^ 0 dC A*S"' j* i-LLP , Aj^L***«* 4 A IJflJkl ^ ^ tf 1 1 

^..,Ai J tV +40 A-aJijl .V +10 jS-XjLC. aJLJIj Or jli A^Ll U_^_?r 

.V -20 sJUJl 


jjlaSI 

j£. .^JLJi JbJb-cJ AP jO <j ^ Ja-jj . jlfljljala L*®bi y <JOr f* U?. jru*J ^A + [^// 

.-180° <<P<2n Oljil jUri U*j .0° < <£ < 360° 0 <p ^ Silp jjUI U jj jp ^ *di 

Jlii ILaj .-180° < <p < + 180° (jij oxx^- j^L> Ujj ^p ^■'y O - " £*■**'' — ^ 

C.Jk^-1 bj .aJbUjj obi ^lil ob £■! y^\ JA £jj j j^Jail Aj jlj JbJL^ -Lai j £s m .-71 < <£ < +X 

iA*j aJ djli^l aLL- Jl a)o^- yA jjia . Jl oJL 4 cobi ^lil 


OUijjs£l)|1j ah *-AJ' 


jjW j^'j 2 

UjM . L*l C 4ja?xJJl (J jTjlJ <jUpr jll 01 j^UJl J*1 y *i 

<3 j* .( Latf» a JL>“1 j 4 j>t ja <_£ 4JjL*»L* oln— Jl dJlS^ 131) . <Lilli£- oIjc^ loJ> (13 — 13) 

.0° iJlsU aJUb ^ ^JaJl 

yA U<3jl 0 tA^-llil 4^r^il AJC^ Oli C j^JaILj A3 1 yi* (jlli ^r^ll O* ilS"* 

£^1^*S/1 JJ^ AmwA ) y& 4^-liil JJ^ L— — S*" yli 4-ojaJl 0*>L*u^ -'*- 

« j 

.SLTJlI 





. jj^W u M u ^u. ¥ > u^>® s(13“* 13) 


jjJal) (j*£\ju 

fi 

jl . Ulc 180° djlJuL* jlpLi; jL^-Jr! jli^r ^li Ijlj L*jllp jjJaJb dbu+S'Uz* L*jM Cjy^ j- 4 tf’ <JIa> 

. ( 14 — 1 3) ^y~> j JW’J' 4 dJJ3 

( j^ 2-*J! OLiAj 1 *j&U tj^UJlj jj^u+S* L*i» bjl5^ j <jo?r ji 0\_S*" lit 

./^•jJi aJsuJ- JS" (J jll^SljOj jilt jL^l* <jU3i- j^Jli 0^1 obu*Jl oS/ 

j t4j£Ljl A>f ^ll 4-*3 4-^«J jL# ijyja . JU LrI* \Zj\£* y 4a1i 5-- C^l^* jlS** 131 

* 

jy i? t> jL~* 4^-lJl 4j>r jil j^S\j ^il jjU^r jil ^^*3 (J yaJl jj <_£ jl~J 4 j>t j 4 

■ 0y^ j^l (Sj£\ 


o jUd! jLsJl : viJtdl J*oiJl 



. jjJalL l|14“ 13) J&wJI 

«lyut 

4j>r jil olJb tal .AiUal* laJ&bi y 01 y? j&\j <,Y jilj Or jil tOll**f>r jll>r y* -b»r JJ 4 jI y j&\ 

cUfcjPW? clJUi 0 . jjJaJL 7 4 *- yJJ jjj* y lil x 4J»r y bl l&JUP JUj tdjjjJl y y <>* jil Ji 

.90° jU* 7 or>l ((15-13) jCi») 180° ^ Jit jj*> Y Ji W 01 s — £ 

. U^ ^^a. 0 180° ^ ^*-^1 0° y j&*\ *5^- (^1 IjjLw* J (3 j*Jl 0 j^j 01 ^j^C. 

Olj^l jJbj *0° < 0 < +180° 0] 0 Jjiai 1 AjjljJ -Li J^l jjiail ji**Jl OL^-Sh (J^xj (J 

Jui y X or^Ll of Uili cF br j^IJ 4^JL + tc/ 2 rad X j^-U oL L U bl .0 < 0 < + k 

.7i/2 rad jji^, Y ji l 


jjihll jjla 

y t360° y yp\ 180° y j&*\ jj^-i Y jil li o y\j X 01 y j — xil 
180°J 0° ijy £-AJ L* 4 -*»jAj Y 4j*s * jil Uju ol*X> Ji X 4^p jil 01 C<lL^“l dJLfe <j 

X ^jil 01 y^laj (16-13) j£oJl . Y 1 ay-b A*-y X ±>rj — U . :j ^ 

°180j °0 c* *** g?f (ijU* j>ll J J>il 0 /o of jSO: .90° 

Olol .-180° < 0 < 0° 0 0 3JL* <j^ 01^-Sfl y*> <J 

jjiaJb o y\^A X Or^il 01 lijli <,Y ^ 0J — 45° X ofj 10U bl . — jz <c 0 <c 0 

.45° j\X^.Y^r^\y 






OjUJ jLJt : viJltlt 


X A?fjil a*->* ^jL«j . Yj X ^lj-*Sll Ox j j Ja-W oII^Ap ^jf (17—13) ll — v?jj 

Yj X 0^>- jil d ^^ ail (j .Y y» yJ j£. J jl?l X JUIjj iY a?-j— L l a* — — 0> 
Yj X oLl^-jll p-—» aJI (3 -90° jj^i Y A?t-jll X A>-jll ^0* y (.(^y |t_t~ — all J5 . jj — laJU Otl — ailjl* 

.90° jloJLc. Y A?rjll y^ X a>-j1i »aJi (3 •jjWl* 180° ol^«5""L*j> 

.a>- jil SjjJb aJL>-lj aJULS^ a yli <J JbcC. apL-JI c-^jLaP ^ — *^'b/l j jO .T 

J j>- LfcyjJlb ^ jAj j Ja-Jb; si ? y jA 5 jSs5^ jjJbj Jjbj ^Lr-JUj S^J-I A?r- jli yP j\**lll <J> j £ ‘-^J 

.dJ^-f ) 


£^t*-tJl aJj ji? J j^j i L^>r ^?j- jil jSLiJl ^ lil .L*jlj otf A^a^t-I A>- jil aJj ji 9 ^ (Lj 

O^L^-I y* ^5b& N ^Op 0?r jJ £J yJ LS .(_£ y^S/l ^ySLAJ (3 oIaI>t\I y3 *J (3 J? ^ I 

.Iwbiic* O^/ii-l aJlA y2*J Oj^j j' ^y^JCj t£^j*i>jll lOA J3 Ajlil>iil 

(7-13) ilu^ 

-Ui y .rad 0.5000 jjUj Y A>-jil X <?r jil xo j .Zj t Yj oU- y* -^j^j j — 

?t$JLP y^llt jl Z A?r jil 3T Aj>r jil Jbi y A?-j^ jS\J . L*LC ajj.5 y«0j Z A?r jil Y Aj>r jil 

(7-13) J* 

L ylJ jlpl jil (^jL- j cobrjj Jj J jJ^Jl Ijljj oLj-LJ £ 4 ^* J J^- I^P -2 caJL Ll a j, A J ^ 

f lijt a*j jl Jl v l jJrl C^i) 0.5000 rad = 57.296° x 0.5000 = 28.65° cJJUJJ ^57.296° 
of grf cjjUl Wjj ^ oOIJlJ .(36078.000 ^f) 45.00° & L* Sjj^l ^ — t .(^.U 

.73.65° jf 28.65° + 45.00° jUaj: Z ^ jil JLiy 3 f ^ jil 


(8-13) &*> 

^rad 0.5000 jl-bir. y a>- jil xi y a?s- jil .Zj c cJf ol> y 0o7 — i j j — >r j — iil 

y>- Lj jl Z A?rjil 3T A?rjil -Oi y A^-jJ . L*L^ ^ ^jP j ■ ?"Uj Z A>-j ll 


(8-13) 

Zj y OiJ .28.65° o>^ tiiLJl iJU-il J y> siL^il o-xa <j lj X oy iJ *3 
JJLj IJLa j 4-45.00° y Z4>jlljPFi>;i ^L- .^yuil oUVb yj J 4U-J ^ 

J>J Z 4»>I xij; X a*.y dUJJ 4-45.00° JJ— b Z i^j— it j * y Y i^j— ll Oi Ll-JjS 

Jji Ot 3JU-1 .4* J j4iiSl» -16.35° ji 28.65°-45.00° — St j 4(-45.00°+28.65°) 

•°16.35 jjb X Sxy Z i^jll 4jt jf 16.35° jj^. Z i^jlt jt i X i^jll 0 t 
.aJLJI i L.wLjp l |j ■ ■• a* .* — .a^j ja jjjsiL Oj^j JlS 4 (_^ 

Jp iJjpLw ^ySl' jjv» j il£" lit -V* j^* Jp villi ? jjPl 0 j^J jIjp^I 

.l^r-jli jjJaJl 



0 wLlP ^5 ^alll U P 

. 4jli (3 5j^rSfl Oi UJLp c^->tv3 

0 

?« J>» £0 l3 w _/* J ^ -1 

0.7854 (a) 
1.571 (b) 
3.142 (c) 
6.284 (d) 




jlA\ jlfJi : jU. dJfcJl J^ili 


igjjj jr olj 1.0 ns (1.0 x 10 9 s) Ji*i m*' * 6 :jJJ JT ot .(18-13) j£iJl Jl .2 
.«_«*- of ^ j * I ^ jiJl rms y L* . 1 mV (1 .0 x 10~ 3 V) Juf io y\s- 

mV 4.8 (a) 
mV 9.6 (b) 
mV 3.4 (c) 
mV 6.8 (d) 

JJjSlI jA l* tLj— ii 4jLl~Jl i!l*J.I ylV^as*- jLlC-l .*-* i(18 _ 13) J^-iJl 3 Aai-j — Ll 3 -3 

^Ll aJLL yilil 

MHz 330 (a) 
MHz 660 (b) 
rad/s 10 9 x 4.1 (c) 

,oL» jl*ll »1a y J \ I AjjJi- ^s. ^ (d) 

# 

4^jJJ d . t « J (_£.LJl tc^L^rjjJU y t. j Jrl L* c(18— 13) 3 ^w’^Ll — Ll 3 -4 

?5Jj-Ij i_»>l 



^jll 


j^JI 


.4 j c3 J a >>JI u^i-Vl Ui-V 33 :(18-13) J&AI 


60 (a) 
90 (b) 
120 (c) 
180 (d) 


tij.wjtairitj :(^Uil obJl 


ji-xsSfl ^Vl jLAl £-4ij . mA +543 oljja £*aj SJL oa dc <*■_}! j»^pSM ^jVI jLdl £Jl — j 

^4** ^ll aii. 4» al l — Jl— 4^jJl ^jA jbAl ^a L* . L^ajt S.AP 4lllA +105 

mA 438 (a) 
mA 648 (b) 
mA 543 (c) 

. oL* jl*U «Ju k ^ja 4jL~»- V (d) 

. V +1.00 dc '<*> j» U tac <^-y .V 5.50 <*■ _ji pk — pk ^JL 

0^1 U 

.(Jl ^ ... l l IJIa ^p oAa y*ll iAj^i 7 ^ b^- (a) 

+V 3.25 (b) 
-V 1.25 (c) 
+V 1.00 (d) 

V b . . . J^ApI U i JjL-Jl Jlj~Jl 2jL>- JUt 
IJLa 4jl?r^U Cab* jLdl £jA >Xjj 1 (a) 

+V 3.25 (b) 
-V 1.25 (c) 
+V 1.00 (d) 


^ ^jiil ^A U . 4^jb 4^jlj ' " ^ * -•* 4Ajlja** l.«^laa y> , ..Pr~ ^S^-^a a^arj ^ * 4 ■ I 


. Jlj^Jl IJLa ( ^P ob> ^ -Oji ^b*i (3) 


90° (b) 
180° (c) 
2n rad (d) 
^Lp j£-i ^A i~Jl 4*-_^.l 
.4^^Apl 7 ->r (a) 

. j bb'A l {j*a Jar _ji (b) 

.(ramp) Jj*4-l (c) 

.JJLk^J.1 Jar (d) 


*!Tj jJliJ <1aS£ lib« . K pk +»pJl Ji$as- iipbi* (_j ^ .y boa j ac Jar ja 

.2T Jl i-ipU^j (a) 
• 772 Jl (b) 

.0.707 T Jl (jAaai^ (c) 

■7^ (d) 


.5 


.6 


.7 


.8 


.9 


10 



jl j^s Jlj ^JpIaIj . Ajli -X^ p-J\i A s „,««k« «k a. . .^*»i Of| 

,il j^xSj <LSL C^Uj»w» JL>r y L*JL>- Ay»w^)fljJtLl <X^- y . IA £ 4 <« .* «k «* o 1 1 A \*/a a Li- jj*li! 

,^X>r jA jlkV A-^jJl| ii j>%£ jl j>-\ ol »g*wjlr 

JUJli-l ^ 4^1 rj jj^j ^ J>1 Js£ ^ J* 

^Jb cJjU Jji>- J ^JaJ ii-* C^^Jd .^jSH A^ — 1> d <3^.....,.}a.» 

-k^ c ft y.«» g i&:*l f 

c-^lkSty o*«J e^lkiSfl oJla jl . ^UaSI A~JtJ c-^lkSl ^~jk^3 JJkdB 

£jb .1 xS~ Jl^ 3 «-X^>jwil oyjj U Aikj> j ia y^ > j yjajjf £ — **y*% ' • 

jy±f j JULj .^>Jri Uaii! ojUll ^ ^>JL JaJM J ^ ^/ ^ ^ iff ^ .-JzJiU v . kzh 

A ^ lt^j j* ^ ^ J! ^ 

• — -* Aj*-LaJ^ aly A^io £ J* Cr* ^ 

y; : 'Vi/v' '^O;? ^ : 'v? .-. 

«»' - 

^ « At t wi Jl 

;; ,'/\ . ;; v ; : ; . . v-; - - . ' : ! 

« ^ 1«^ Jjl^'l 0 yS is i (, ^ikJl ©Li^-lj ^jA Aj cL»* L lhy ta w j ^-.- ■ - .. 

a^*j (j Ik Aixii-I 3 £y y// aJUi ^Jt7 \.^»..^jj\ 

V^Ai l yf ^pS^lxil AJ»rjJl 3 — il ' 


t 4 g »J a J i k \j v-JlJl 


4>rj JjCLj <t^A frU^aiil j <_jdbj JjLM jjJu *LjI 

<bL jj . 4 ^v3jS/ 1 4-wJaJtll cplJaS^U 4^*JU Lj I Jb\za 4JL* ^ yjjL j j^jjII jJav- Jp JJil4 j j_Jxj 

.^jS/! JlU 0 ^-tJ ibjj ^jSM ^ axJl 

A^ytfjlajLfcfl Alua jail 

,^paj clw jL*j aip .OjjLxit 4jw»jSn 3 ^jSlt ^ .« .Ja ; i ,Ll JiJ-l >yrj la*-j-J 

<< <i 

3 5 ji Lcai JtJLli jJjjJ c£ .<— - -> y>r — JUr* oL 4 L L* j-<*P l$^ij A^s* jJ lili ciaj^ iz^ti/ 

(jo-^jkl J*5 ^jA joLJi IIa 46 ^JbOaJl oIa <w^Lwxl jy* Oj J« 3 wl-., -b U)L...S" j f tj 

JJ ^ Jljj N j t o>b 4*>-^U* oapL*^ j <L~*JaJdl 4JU&jJf JljJ V , i jyaJu — Sb*JU j 

0 J^>rl JjA^xJ l*JLLP Jy*jli £jaZ*«J . 43 jJlil ^1 lull J?l£j ^P ia^Aj ^iL *0 y*J C^jJ ^iL-ll J 40 jUiJl 

. Sai^il 

^ip o ji Jjljaj C -^7 ^Ji d^jl J j>> ^^-Ja^i! Jillj ^^5 Jill JpUlj 

Jj Joa 3 j o ^1 oIa J^aj V .d^^l J>-b j**-*aJl <j~- — Uuil 

# J * 

f.ljlv-'yi lap- 3 4j^* 1*J1 A-S" Jj ( 1 ) 3 j tUiu! (J j l^j t 3 

4j 43 L~* Jp 4w?jS/l 6 J^>- <_Alij ia>- ^v5jS f ' tl Jup ^£> J^\ 

oL^Ij 4. < mj,/? ;*ll yj! 4 jj!j Cf* 

oJLa 4*~i ^paJ 4 j (-i! ^ v9 d y^\ aJuJ 4 jl Jri 

f * " " * * 

b] diJi ai 4^«-a» alb 3 JaJ-i ^lc ^>y 3 a-S" j __Li 

AjLgll Offclj UkJ^j 4 a1v5^J| <L5-j Jp j-^aJ lib" J 5 yj^(l ^jli (^Jb-1 jAJ . aL^ y O 1?" 

dl4l 

Aj^jlam a!\ 1 jilt 

4^1^-jJlj 4ajaJ-l ^a; .0^1*11 ^yawJ JaJlitll c^a^r 'yiiJal US" L»aip U — Ja*-* iJlJu_ _^i 
oIa ^^Lp 0 ji Jajlail oJla J;)a~ . 4L - — A ■'* ^ Jjydl - 5 ( ( ^4' ^ ^Ia Jaj^UUlj 

\ .^aU j ^5" oljLJ O^Utll 6 1a 3 / ^ lij (i 0^l*ll ^jIp L* ^*p lajlail ^ — iaj V .(1)^1 — *il 

.AyjcwjaJl 3 UjU A jjUJl JajUiil 

Sjillj CJUyuJ I 

jajtil lajJuu JUJU j 6 ^lll 3 oljUl 4 AjvUi ^jy* 4 -~j jlJ JLP 

.^JajJtli oljij jjaJty* J jJd\ fiilil oljS ^U^JoJjla o alb ^tlo . LjT 

( j^ JaJlx l t ^p A^Ul 3 yS\ ^jA j£*\ 0 ^iJl d jSb" 4 ^>-T ^ Lj ji { j ^ t — Jauil l)1 — S" 1SI 



4 


JLpLiJ jl JaJlJill yUii) 4j yU o jil! o j£j ol tUlLi-l 4iUij*^l . A^-^jjajJc/* jjji SaL* Lj 4„~ , ii 

* - * , 

7x_w2j .JajLiil i_Jl! 4jSj ^ ip iilaAPl (IfryiAj aL^-b ^iJLJ jl Jailiil ^ OiL^ jl (Lfryg. *j P 

. Ig +ja n > ^jA Jgjlill ^lil ^S"tj ® j-ftil 


jL-Jl £^al+~j tig Jl oJl*- L»-P LjoIajI jLJ^I 'V lA*« <i j3 -lajliil (jia *u jl 

^Jl aJL J aJUdi ^ Js ■ iiJLli .L^JAj SJaLiII 4j yLlll a yii\ ^ip ^JLiu — Sij L^a — aj l gJu<a — I 

^*1 h\'*.a v^Ss-C .ipli^aJl <_£ ji iJufc I Ig-A 5Lwi 

Je*> 01 jSs-C ' r^ cii <j+ AjjJ-I jf <j* aLaj ^a3 J^»J- l^w 9 <^l 

A^**.*J^.* kII G^L^yJlj 1 i3 ,^«.*«. '^ r y3 ^ 3lS" ^$liL2j ^ ■? * S/ 1 4 -j\j j— __^lll JgjL—iii 

.(magnetic levitation) 


AS ijaJI ^ Ajubj^Sll Ai'iAfl jz> 

^ « x .wit ^tJ LJ l) 1 ^y^-C * ^ i,,w *)^ « a<* c 4 ^ .*. < ja < i c*^ j3 ail* <Z-J \ y A < m ^>y\^-\ l , „.1T 

g-h/atflt (j jl OJUL* 3 4y6 4L>*jJf 4S" j>- y LAjI 

4j aIa^J <_$JUl 4 -wmjSj s - - ^ 1 ^ 4^x^Jj i+J i 3 a cl^^’ ^ ^ **^J^* * l l ^A^-l 

.LjL 4 j ol*-~^M 45 ^ liIT 3 jW' _yL •# 

*iy^J c^uJUll luUil J .SjS Jl SjS ^ JiUl J> diLJl j olj^iSO^I Jii— J 

. Jlii jIj C--^ 4ji jjsJl (3 e>U 4 jjIjl1I 

j 

.(.l ./gtfll j 4j^^«-fc*^i la^hxL ^ T- 1 4S" j 4 )g^ » l^j 4j.*»jjg <wtl 3 j) tf ^*1 ^ l « ■ — 1| 1 ^ S-C. 

II o ^ - 

O^IjIj Ttlij . 4*?r 4 ajIj 4JL>«-i dj-A ^ ^JLil j^I^Ij 

o * f 

3 ^.a^-I aAA ^pLaJj 1 *Jjlp . 4 a«»«+\3,a*a y^~ aA^ uj y j .g-l */za li IAIaIjI J-iP 4Jlxi 

^lU^S/i aL^rl Ig-*J J~~j Cdl^-'yi j±Ju ^ip oLwJrl d-i-fc ^Orxj c ^ ^>jS/' J aJ -1 

.4 

4j^>v^b«w* Ot » y * »Jf' JLAJ { jL&tJiJ -/* 

t4^jSfl 4-^JgJtil ^Uai'y I li> j-v^j JlLP toU*«Jrl aJli J jii-l .illxil /^* 

Aj , < *** Js ' * < ✓* Aji^^Lfi' Ia^Llp lil . i.y ^ ' ^ g****Jg * x l»l ^jSo^Jwj l^ 1 -» p ^ a 

C^lij 4iL*Al AL j& 4j jjil jji oNU^j'b/i ^i-P y J j ^Jl 44 ^v3jS/^ jyL* 4 a- L? (3 1 (_£ij 7 

oj'y ls^J^/1 3 ja^-I a J^-I jlj 1)1 /^SCc 4t_3tS" aJbA-i cJlS" !i] .4ijtil olii 

o 

l*^*-P 4jjj^Al ^Ij^^/\j JL^j')!! oLL-P l)j^nJ .4-jI^SsJI ajAill JU ( J>*IJLj j J^ 

C^'b/l^aj'^lj lJuJJI olLalJjl y Ij N ^L^JfljJtlj ow^I^aJI oIjJIj al *r i- * 

4JL-AJI 4 -Jgiil (Aurora) Jg^%“ J~\ ptAaiJt j 

.4-«/ :, jS!^ ^*3l j.Ij 1 JJllI j (4 *j 



tfb :^U)l v-zUt 



ia jJai 

^Ja] Laij ( Jjii-l 6 JLi ^Jj>o t JpJjJf J? jjz>- ^jA 4j j^-* J j iai-l jl j j-jIj J — - jaJi jj Iiu 

is ^JaiLl j£LiJ V .(m 2 ) £j j* jZ* jl (CIIl 2 ) £* y ijw ^JaiL* 

. 4,^3 >>») L_J jl^nJo tfc.3 y*"J ^jail dij& L^JlJ^- L^j JlJ t-jlJlir! Cg.lya-dJl 4jlxJ 


f C4*j j ^ip Jauj-i 6^1 jj ^ *_^3 j (_£ C~*>- jUjj! OjIj Jj& 

i»jJa>- l)I >( j >4,i a ; i>i l j\ y> r J Jjai-' y> f ^ :; ’ jjJ^ O — £ 

.((1-14) y+£ oli |» . fl7 ,»,» l l 


^Js* d^l^J . (_C 3 ^<p*Ip 43 4^i ^jL*J t^ y£z iiiww jij^ 

y Ui^ 4j yb JajJa>- Ot iJJi (j Ji-L-Jl Jjy ^i 2 -^ (J o^ j+1a j^J- 5 

^1p tiJLL*Jl (3^-*^ ^ y** 1 ^jU iJ-L— cj {£ y—+A 

.((2-14) JSLjJI) 4«j 4JL>«-*iJi (3^ 3"^** 



.^jJ lLjo- 4 ^jujlri W<a Jja. ^ :(1“ 14) 




\j\ j^ai 


jl Jtll ^jA a-j y OjS^j $.1 ya<j)l ^ Ajaij (^1 (J dJJij ca>- jJ jl oUl J i>JLl 

JiM jl jU*J . JiM ot^r^ j\ yA J^Jlu jjjjJl Js? jJaj*- ^>7 . ji-lLl J>Li-l l^JLL,J| yA AjJ^ 9 

(wjUa^Sn aJIJ (wjlJaj'y! o.-i^> ji .^jjJ^f c . .Jsall yA J^-Jj jt c. . Jaa ii y* ^ j! IJLj 

(3 j Uj t J l cjaiil OJ loliv? ys\ l* yS 1*j caLaJ-1 <3 a*~ — J hJtU 

jU tAiLi-4 jS-Lio . jJJ aJU^JI c-jUaJ^I a!^ aJ \ aLJL^I 

Aj yJ?\ (wjljai'yi A^ Jt*JLj| ^.la gil a!LaJ-I <3 y* )**ll 

t-jUaiS/l jX d\£* ~ LJb yJ C^3 ~ j^£X i c^jl*xJl j“-4 .• ii a!1>- ^3 « Aj*.** *](7 <* lil JD 

ijUx, ^'U V JSOio dULJl J j>- JiU Ji^ c^Lill J*LLl diLJl j .a^ ,.,k:«.U 

.aIo 



.(iJiUA Jai A W tall (JaI ja (jf~ 0jUH g..ui aLj» aII J^Lul! l(2~14) JSaSJI 



j c*b lill o\Jl 


c ^fby^SJf ^. Jsa il j* s.\~ jaa\ \ <j ^ j£ t O jj jjJlS" cO_p*-iJl! ^?b ^S^Jl ^ 01 

-b^Jap 1 ’ ^ .aJL-JI Ai?%JiJl A-jv ^ il <U>«-jiJl ^1 jS ^ .AaIjc* CL^J aJ^p- ^b ^JUll -1? jlaS-j 

* 

Jii-i 4<j£jj .b^jai a:> jJ^ J>P AiUd oUU^l j j jp-cJLp jc^j* flJ* (J^ ^b JlJd !l 

.Ailip oLaI>- ^ OjLp ^jijuil Jp jia>- ( a^*> 0 ^Xj tOujail c_3j ^Jall (j . «,» ,)■?,;« M 

obLbM j j^sj .(^jdrl i— *la *ll) Ajbfc A]a«jj ^ - ball^ iblJj Ajaaj A*j|jJl Jailill Jj baJij JIptjj 

^JS' JjJjJ-1 ajl ji {j dJUi Aj jj .jldL! J-^bbl i^JJLJl J j>- ( j— ^ e- Ojt £■ 

.Aij^Jl 


ulia&t GbjUi j uUa&l CjLuUj 


£cjU ^JjlP“ jLjlU ^J-*L^-1 OJ-b*Ji <J^P“ «*il ^Jjbi-l C.«;^ 0! Oj0* (J^Sf < *-~ J j 

U 0\£j» ^jA iJ»J ^1 £> ^ll aJPtl* jjljjJl ON c3*)0p*)[1 ^S' (^Ljajl Jj>r j J N AjI jl CiwJisuJi (^ibd u~~*" 
U^Ji^tJ ^X-J*X} .j^„LLte«Jl 5^~ Jkfc (_£ yL***~* {£^*i jr^*^ j^^* 4 <3 ^ ^ ^ 

£j* Jj>- ^ib-dJ OLsJU ( JJLliJ J^Jj Js> ^ ja>- t<U«5"\jcdl Aj^.b’.wll yd JasSfl £T jj j! C^“" --kill 

vUaiSltj SJU-iJl vUii^l 0j& S JUlij .1- >. ^ jba^alb AAjbM (j •L/^blr^ 

.( 3 0 ^Jj LbLi) O 

(S 

^iJjJl -L?jJa>- Ol .^**» g )g«wU (wJaiJl j^^>r (j U¥. b»jlj ^Ji-Uil -L?jJa>- J-ya — j 

( Ja^-I Oj£j bk>Lk>xk^ Lwjii j '*■< ? * * ■’* — * 

j j5\j j .^iwUll -b^Ja>- Ujlii C.^>- cu-jUaJ^l jl jj»r (j ® ^ ^ — ll — jaliil Jj — >- 

.dLLJl jl o ji xil jLiii ^bbl <^jLLJl i}j>- 


v ■ -;«»a -" JiaJI 5j5 

^yiiu (j |» . Wb bi> y*jiJ c ^pjj o!-b>“ JJ ^^«jg:irU < Ja>*JJ aJ^vJI aL j la! I flj 

j>jj .Ij^r U-a- 3 ^*Ja^il di!ij (Mx) ^J/j^+S'L* o *\ — ?-j jL — 3-S/i 

.1 Mx = 10 -8 Wbj d Wb = 10 8 Mx kj 100 

(jAj\& J ^Luull 

.Jjj^5"*llb jl JO jJb A J ji Ji C (*S^ 4 jl pjta ^ j ^jalnA vibjJ j! 5" 131 

Q b>fcib ^ >< olJL>- jJl 0 jjft ^JjLoJ .(G) jl (T) ^PJJ ( jP ULp 1 yaj jl 

a J j>- j 3 3*-^l -b ^la^ iJP jl JfjUlIl jJLtf' jSju . £j)*a 3 aJ-i jl j £j—^ 

a 3>JI Aj^Jl oL>Jia^a^ /j 4 Ay^lauil oljobdi jS“\ a J Jli o!3 ol^iJja^a — * l £_Jaa1I Ap-L^.. ^ 

•M 0 

1 (j jL-J *>L-J 1 U jlJliL* jiJJ 5iliS" 01 .B d» ^J-b ojLp o^jUll j jijJl SiliSCi jLiJ . ^JaJU.11 




krill : jJLp J\ J^aiJl 


g JA Je yS\* 1 (j _)L-J ^>jU 1 U jlai. ji-tf iibT jl .(1 Wb/m 2 ) g }\ j — sib j > — j j 

.1 T= 10 4 Gj d G = 10" 4 T </ .*-* O.OOOl L-U ^_,UJl jf ^l^l ^ .(1 Mx/cm 2 ) 

.lO^iJjJlj i-j jr *sl t v >L«i)l (Jl ^jUJl ^ uo 4 i _ j jj»l (jj *>L-jJl ^ J,. _j»dJ 

* * # 

^Lwaib ^Ssi tiiJH L^j J j^*~S^lll jl !>b w lJlj jsi^\ <jy Jay » ^ l jl ^ bj 

4>U J*15" J^-iu ^b-s-ail CUaIp bl .W 20 4J jA 4j y& 4PlkL^I jJUaj ^L-v 2 — Ll jl Jfij al 

J* Ijiiv5 o ^*J-I bl t® 4 jLp-IjJ| jljjJrl jj ^ jil f. jvaJl J * W 20 J-s^a — ~4 

cr 4 ® Aj ^JbL ~L»-lj)l ^Lsoil jl p-bu cJl .* jjaJl l~L>- j£bio «i-lk j — ?*i M t<j — 

qJj>- j j culJl j]l 3 U_p ^a ^ ^ Ll jLjip'VI 4 pIjsJ 4-315”* ®jLjj IjuI ^ JJL *y 3 j "*■ L &j*/3 II 

^-..larill jf bJ ^5 4*bo 4)U (,y jll £ jjaJl y obljJl y* bUP r h « , < al l Dl J^aj b-LP . <L>-Lm — il 

y* Lljc* bJLP ^u-jj ^Lwall jl J yu b-XiP .Jj^— S\Ll y y* I b*AP aJLj UT 4 .... .la >* * ^iJLJb: 
. * 

.^ajbJl jl *}b*jJl bJLP £JLj 4jLiS^ 4 jI bJ ji A-JUj 4jli cA^-L*Jk.l dwl>-jj oljl^Jl 


CijjuLili j Mil - j^»V^ 

3a>-j *(At) &J — Lil .A-jIj j-^Jl JaJLiil ^u* JUP ^ ^>-1 cJj — )a y 

45*” j£- 0 y A 1 4 j jlJ 4-3 A-J ® jSb jLp <^3 jdib , 4 il 45jp^/ ayaJl 

J^\ ly}\ £t*vu ;4-— jiJ jbl)l 44 aJ 50 ^5^* *2>Ll^Jl OlJ C^y 5 *" l^i .At 1 

4j^^il 4 aI^-I (J§ jlil jblll y3~A£ J>r bl .At 50 (^1 4^Ul ^Jl^-I t-A*-/ 3 50 4^- 111 I 4-— M Js3Li*i«l 

.At 1 Jl v-Jaull 4T>I 5>JI cmA 20 jt A 1/50 Jl Ul 50 

oU-A ^^b*u . Ay^JaJJtll aS^" ^^ 1 ® jijl yS* j^xlU <^>j$JLxJf ^PJj d-L>-^ l)L*>-^[I ysn> y — I 

e ^ . 

Jl Jj 1.256 3*uJLj Cjj ^^1 cjjvJ^aJI jJlP l)jX> Ujip .At 1.256 Jl y>- o-i>-j__ll 

. OjJuP Jl Jj ^> tdLi 0.796 c_j ^ 5 1 4aJ — jw«Sfl 3 JLp i)j^j L»jip .4ij 

jLull MiliS 

j/j cc-jU ^^4 j Lj 4*3 j£„ c^-Ulj (j^l jjaJl) ^J^l AvailLf jf 5.1 y.4 J^l^l ^xAlo-ll viJJL« SI (J 

4X-V 5 jj Ja J5.U*jJ w\i .JULJl y& U-iol LJL5" j (jJLLJl j lj£ U j>5^l ^jlJI 4ili5" 

<JliLl lJ jJaJ' j 4 w..aII j y& ^1 ^Jrl ^"ciJUL-Jl JlaJL! ^bS" jijull 43 bS" jp- ^ 

.5.bjc^l j ^v^l ( J **+£ 

. 4*3 ^.C, jrw 4 1 ^ 41®-*3 jbj i)l jp ^ I . bLe ^ tl»L^- J^** " **^ b— 3^j L^s J b^ ^1 « , ^ 

cdbLJl y£ (yilj) r 43bw» JjlJ ^Jl p 2jaiJl jbip'yij Aja .B (*>L^JIj) jjjdl 43 bs" Jl ^wJ b P3 

J^**Jl (3 ^ ~P y* 01 .(bJ-bJl C^-^^Lp {£ y*~^ cJ viJJbJl Jl ^-^3^1 jLA\ JLp 

:<Jb)l 4 ^aJI J&J JbiLj .(3-14) 


5 = 2 X 1 0 -7 (I/r) 






.j*u*A\ jU 11 J*UJI AlUl ^ auB ^ L^c. <iU£ J££ :(3-14) 

.i-Ul fli^l ^ V ^JLP U^L» J 4iJ^ 2 4^iJl jLipI oJu (j J>S" 

* 

j L»^ai*w* jJL L Jl L*JS^ t^JLLJi j* A*-Ji 4jjLaj« ^^JLL-J) aJI^j h ' ^ -\ \ — ^AS"*” 

* * > 

oL^i-l jj£ U. IJLl?t I jA 4n.*+&\\ ojjb j£s\ L-JlS"~ c^iAxJi 1 g «♦ iSj£ ^ H P 4jsLflJ 51 

.oLaJ-i 

(1-14) All**. 

jlJ aJ y: j j dJUL- ( j* cm 20 A*J 4jaij j *Uij ji-dl <ili5" ^ — a I — * 

?mA 400 
(1-14) J*. 

ytC. ./ = 0.400 Aj r = 0.20 m .(SI) ^OaJi oU^j ^Ji\ Jj>- 

* Aju^jJt (j o ^L>» l^aj yuj a -La 





5 = 2 x W 1 (I/r) 

= 2.00 x 10~ 7 (0.400/0.20) 
= 4.0 x 10' 7 T 


(2“ 14) 4liufc« 

4 )3 a Jl 3 5 gauss 3**^ L* jj jb^Jl 3 

(2-14) J» 

4jLL Si 4 JLJ.I i_jl *>r i_J LjU- 4jl ^JU viiii tl! *4 J j' j*-44l 

‘10 4 JJbJb 

5 gauss = 4 0 X 10 -7 X 10 4 
= 4.0 x 10’ 3 G 



4-ubj$£ll JajULa]) 

IjjjJ- JiA.| iJlA «yJj ol a5^ j>xJ> 4J>w> {£\ •i 

Jcs- . j ^ oLalil aJ o cJiJL* ^ILp n«r j_j 

a ^5 cdl^iSl 3 J? cJiiil #1 y -..-^ ♦ ^ j 

.((4 — 14) ^?b lJU* yiiJi ^Jijj .aJjI* yJiJLLl yA C-J jiiL> j dl ^J! 3 


O jLj Jjja 6 

. k? » «J (Jtt iin 1W * :(4-14) 


OUj y^J^My u^lJl 


aJj yb OL>“Sj! ya*j <j Aj!yb-xS/! 0 y^J .b> j^J Ujb ylyja.O ^Sdx JlP Adb j^xil -bjbdl 0 y>J 

!«Adi yd) tAJyia alyJi JjO± A~mJ y^J b! . A^yS^y <5 jj-s ^23 (_£ y>-S/! O^/lbl yiJtJ (j Oy^Jy ^ A», »J J 

. C-iy* ol yd! jbdl yP ^sjliil (JiAlJl ;Ujb A~*jij 


j-a 1 ula 1 ) jLuA -LLojS 

^ati^j* y I ,*. i>.w .» . ^ ^ ^ yd! yl «rL>*X^-l y^* <i— JyL* j L >m>m<* a Ja « ** !y b y * ~£ b * * »* f-bj i. *d i^Lc_ 

Ol y* y^ . cIjI 0y£ (^1 <j bj yd d^U y^ll o-La y yi .aJ y>- y* ^ <^aL* ‘-J 5 bj 

i-Jjlii jl*...» A i Ob tjU— db ^Jb ( j^Ju^a jj-^a dl bl) . ibb* y ^ ylil jU— 11 

.oLiJj adP JyJajy ^JiS/l ^gip 3 /g yiaJL j L ...J j OySsj 0^ c. =4 <b — )li> . 

did* . i-d./all iS yW yb**dl y lpy-^a.4 OySsJ 01 Jdady djj*- 4 dXL *x — *xl 

. Vr J^JLj "yyM 

yjaiill ^Jjuib dc ^ jy 01 yyli aj jUaJ ySdc ,jl>-Ij ab^b cjbdil <_ib y* Jb^b 

oy oli AjjUaj N j tbJJi jj>j .Oly £-*oj y» Aj jljaJb tjdll J-yaj — Jb ^Sdl 

JL-x I OLLp ^jb J^r* ** 4 yP AarlJl A^j 0 jy^Jlll djl-dl c_ ..««**> l)^ y^C. .Aj O.J. b aS^ j £- 

. a jjJajP oib yP OjLp I-La^j 4 ^ fl.l*j Aj j UJi 

(J yiil .JuJUJi Jajlilb" L*lX A-j y^J aJIj^ c-jliail j^JLwJlI jLlJl Cjb aJIj .itbll 

O^Ayil bi^Jk_ y b ,*\s I,*.* (_jZ I y<* j\i£j ^y Ij j ^ ^Jl y* M O^^j ^ ■* ^ **! 

#> #> !»> «K d* d 

y>» bi\b" bJLp b#JL>*JLw**lj <— 315^ lb yU ljb»— >• AjLb*Jl Aj y^l]l b-bij li] dbJi yP 

t^yb t j~ 5 jaJJti.l Ail AAji^- yA yljbl yb j-Q^\ ^y^ja^icll yj jP^i I .ol_iUl 

.y^JaLJtii < J_fljbl jLg-iJ cdjJLiil ^Jy* j -Up .cJdil jbJl jyy* -bP Jai3 ^~JaJLxil J-ibl JL>-lyj 

A^^Jalmll yy* J&J Jbw?l LybJj tdi yJi ,j ZJLzLf Z^JxJill y> dj>JW? A^^fT ttU^bbi ^2 «j (j 

.(JlLH j jbJl jiJL> JLlp aJj yd! 


u jUL*il jLiJI JaL«j) 

A»* ii^bx^f! LJb-^! ^_^yaf ^y b { m J /UL £^ *XA Apbs^ y^^, Aj! 0 v * ! * 1 

0 0 t> * t % * 

jyjli! ij y>«JUx c ULp .b ^iaJ b>wc>«-sA> uJJi _yl*J . jbl iyy»5" ^yyli AjjUsl> ^IJLSJLxl y* — ) jU b*! 

^jSdiu A-^P C...^J Ayj^/I yuu ij AjJb C j!j!JLS 1 j! .ciiJi <— -» y?«J N .djljJi j! ^A-a v^biji) 

f.b A $L-x y* aJjU A-jb ^5" biJL^a 01 yix£y .j^ajP y yb pj y,gjl! djljJi (^3 jj JL5 4cJ>l *5 

0 

. (Ad Lg-Aj!y cOJbA^ lj Aj ystijlj! dd^ y*) .V — 117 b»bjl 

^b^»rS/b JaJUll aJlA y^adj cHz — 60^-5 SC jbd Ayb JaJbd! y 2 ju J 

^1 ayA 120 *A^ryj ijbil! al4! I ^ «♦ y*£*sj a y» ^j daiiil < J-ib! A-dat Ja-Jt^jjyjj! 



AydXtftll I £jl j!l irffl fill 


pJb ^ lil .((5-14) J^LiJl) oC JT cjbr' - - Jl^ Uii3l 3 >UT I^Jiu 60 

^ Oji <^1 UJLP jj o ji\\ <3 Oj£j ac <^1 "Jai" i£\ ja c-i ^ aII 
JJbU j c-^jUdl ^A***JajJtll Ji3~l (ju o ^iLdlj AjibM {S y^\ c£jL*J j ac ^ — Si j^Jl (j~i i — ia-^l 

^JJiA-1 JjtLw~* J^JUj £jL)I jjL*rl ol_ji)l Oil* <ju AjiUr 0 ji ~L*- jJ C^vJj . O-jlJl 

.ijilil (j ac ^ d jj-l 0jUl c-JjUdl ^,~.*)a.:*ll 

(3“14) 4jLui4 

liU .Hz 60 JA ^ Hz 600 J\> j&\ ^r^l j^Ul ac ^,-J ot 

? I $.««.& o jH\ c^i jjUrl p-SlJll e-^jLdl ^Jj-l jju JlpUiU 

(3-14) J* 

OjSy ( ^-)l SJI^t-U ^llf ^31 0 col jJl oil* .iJ^L** (3 c£l ^JS' ^ — Lp 

.j * T ac ^ V ^ j' Hz 60 l$J ii j£\ 



UJjjaJl 


. ac ^jIjj^S (j rtjlvw* gyi A n kai l jj*j :(5~14) 

Aj.utjfrm *H jIjaII 

$0 jAl (3 £-0» ^3l aJp jj^o If 4-i^l J^Ljtu Js> ^Ja^- il ^il L y3M ^ajsxj 

{ y JjS/1 £^^0l .tl^Al <3 <4 p If ^J^*So l ^ a j2 *j )e ji ajll (_£ j— _ pM il j— * JLpI — j 

^>■^[1 ^jJl (j-* il^i! * ^3ajJuJD ALli cU|U bJLil L»5^ c^jJl IJjb jj-* il^Il 01 . ^ jJ>}\ 



\j out 


AilS^ a1l« 1 tO yj Jlj j j>I*j . V^A H L.U 

£j* <-y } J^I*j JJbM 5 ji olS^x fj^ (j A^-^JaJL^ *b/ S.il* J^ryi M . t y*~Jau*ii jjiJuJl 

. 4j 6 j£ 5ibj * Jjyail ^ jll ^JJi ^JjiluJl 


Z>Sbidf ^laj Ja^ jjl j! $^L»-D 4^*wjaiiil y ajL^a — ii-i 


. < s Ajdf - ~*Jt ■• l tj 


^LjU I fl 

** 

^1 jxij Jll**I *j^ frL, aaJI jl ^1 a**«J|j ^-VaJj t (^A) js*-^Jl ^^-j^Lil *— 3 ji-Lj Li j — *jij 

t) uiL* J ji .*kL,ty iii*- J Jj>l jUl j>*.f lit .Wi 1 3^i SjiU U*>lja »l J -iSOl 

4jiliJl jli .^1 jj&\ 3 jjiJLiJi 4iliSsJ aX\J U> y>-j c-iiil <3 ^jiJLili j l{,\ 

^bbj jjijLlH ibjJ tL-ii-4 (J AjJIjJL?- 51 y C.- w./?j bj . 1 Lj yij jU * — j ^ — aJI f.1 J gJJ 

JuJui-l aj^Uj yo jt y^JT ajLij ^1 p bUipl col ^il 4_3^fl a^lP c->l jJup £-^aj Cjv. 

5jLaJl JUJbi-1 <3 a*aj jA AjiLiJ) 8,000 J^y>- lII t ( < *-r’^'^ (3 4 — blij) 60 y — * 

. (Aitij ^il 

c 4_JL) Jajliil 51 yS 5^LkS”" SLaSyi ^PJJ a^?L>- aJJjc* — ^1 bl 

d«Lfc Aj^Laj ^Li ^liilj^ .(10 ) t^Juc d jJL* d^l — Jj 

.lOSl^i 

lIJLSn-C 4 j Jj ^JLf apLw? clijtj ^^**1 o y» — i b| 

J* i5U>JJ Lip ^ll J .51 jJU 5iUT ^^iJl jt ^JUrl 

.Ig^j Lfc-j Jpliiil ^Jsuesf^ 5JpL> ^L*orV^ 


A AaIaD AjuuuIsjLaA 

«• • ** •* 

^JjL>- JuJb^lS’" 5iL* | j^> yc JLlp .L^jjP ^j-ia3i J^-iu ^JlaJuf a1a*>» A. r ^ ,j a;w 4jj^5 Jl r y 
A^^JajJc* 4 j jLj Aji yr <^JlLc l^il^l>“l 4j^b“ y> 41^5^1**^! ^ — Ip j^ l J «Aj J ^ 

^-Zp ajUjZJb cjL>-Sl^ ( y^*J (3 A t JLlll 4j.< w,<)(7.‘.«l' ^PJJ .u-ilil J <_Aiyj b Jj P <U 4*^4 

JUL I^JLp jitll ^jb^il JiU 5^111 5jJi c^Jil iJ^U^yi 

. L*jb L^wJiJc* 

Jfljtlt ^jiJLiSl AjliS^ ^ ** - 1 IT lit . Aj yt* A^*J ^1 ^ a^a^xLI A^w^jaJLxi.1 yp j^jcJI {£j £ 

A-j-^JajJtll aJu ^2-*j 4jLi)1 J Jllp ^y^jl^- *!>LaJ y ^ c. jIp jl *>L*J jc 5ili 

:3ju^aJlj 5^Lll viilil 5 r aJLiII 


B t = 100 y/x 



: jls> jJl 


jl l*Jl (3 3-^r Ail Jl L$ iiliSy 1 >* ' ■£- IM . 

* * 

jLill ibbjj .SIjJl cLXIj c 5 La-uJj ^Jl jiJull AiU&J ajLA jl»tjj tot^J L?b q.»Ua bj 
jtL . Lwj cajljc* Aja All (J j+pj$\ JLp ^!xJ^ • aa^\J — c-,..»bi« jSLiu ol J?*b ^jJ-U)! AiliS"" cc-iill <3 
£~Zjj aJU-I oJLfc . jiJuJl 4 iUff j aJL>J ibbj jLill <j AiLb^l S^L jJl £iJ Nj tjijdl AibS"" 

jiJtdl AiliS" Jl -Up ji-Ull Siliff ^ J UJi cL* o^li aJLiII A-*~JaJ«ii 1 «JUp .*7^// 

. A-JLp jJ 4 ^^»Jk 2 -Lx> a5”" j£- 0 y ^*XP 

. jLj aJ y: (^JlLc. AilsU-J -Up G 135 £*Lj ^a*~Jgi*£ aIaJc* aJI Jp j^\ 

Oil* C^Sf i ^y* ai\ 1 o.>cJu Oi Ai^-*-ll ^ji-Uil 4 il- 5 "" J^JlO 4-*-ja)1 0 -La 01 J - £ 

t i- J ----l j *•■■* ^ o^Ij J <^>1 chilli jlJ ^3 A-iLsb^H >..•;< **> $A-*^aJ| d-L^S"" ^*Jap A».« t 

i? r AJLiil U^jaJLill 0 ^SsJ JtxjLj . c r ^ v iajaJl <3 G 19 jluJ^ f ONI 
B t = 100 x 19/135 = 100 X 0.14 = 14 % 

djlxjf b! y* $\ dJLfc jyJU L Ay «J a I JLi 3 dJLjiS" AjLlil A-— UaJJtil j J__$SJ 

(5 -La iJi..a>- 4 aj w 9 jjfrajl ^axj 4. d . : ll <L* A^glajJtll j j .«L*jlJlJl JsJlJtll 4 pLw2_J 

^oxj (3 . d-U>r 4 -^jli JaJlit* l«^J> ^wflj < 3 ^ ^ Jajliil c 5 jj <3 JU?r — J j L' 

dilil oJla . aJua~p 4 ; a ; 7 < ;„>u* dJL>- ^j^afUAs^ oL* Lj jJ jj Ssj jl jL >-*)}\ 

ol 4*4a9 jLjj bj-U i ) j O Lj i P y UJU P 

. 4 JLP jLjJl ^Jai -Up y " 3 a '• -* 

dl yS" J-oJ L^Lor c 4 jL*U^ o^li 4 .d ; :l' — jajj .1 o 5 15 ^ lil 

c aJIp ;U* jjyiJl d^L*JJ aJLiII 4..-«)a;>tU C-JIS" j . A^jaiJl ^JlJ a) c.,..**o ac pi; 

A» 

.L-iLii (3 J aJiSCju* lij Al1?Lw» ' d^lll 0 

.ac i^\ J .j4^' ^ j ***^* *^ jSs-io 

( 4 “ 14 ) < 1 ^ 

0*0 , 

$T 0.500 L^u-i j 5 jhuS" jiJuil ajUS^ 0 oiJLc. LULs^- IJJl^ jl ^ ^pl 

‘jLJ| ^Jai ^r .dljJl J>-b jijdl 43 ^ 5 " J v^i j jLill j AiUbl obbj (^1 c_~~J ^ 

^dJlA dl jjl dill AJLlil A^-JaU^ll ^ L« .G 500 JJ ji-Ull AiliS" O-sbi-Ul 

( 4 “ 14 ) 

JUL j . IT = 10 4 G 01 /Jb" . 1 ^ ol-u» ^ JJ jiJull AiliT ^ J__T 

L)jJb G 500 j cjLJl G 5,000 = 10 4 x 0.500 j*-u)l AibT o^Jj 

: l^ cW r ^ 1 oju& 

^ r = 100 x 500 / 5,000 = 100 x 0.100 = 10.0 % 



la,;*U j a\j :^bJl oUl 


Ajdd JojUlaA 


u.) 


•r- 


u 


otja^-^All (J-^aU 1 _^Jl>iJU~j L *.UP l£ c_-xJj Jljj V tX.j gJlj) ljj*v* ciu5"" bJUP 14 0~**J gJl Jail ill 

Jajliil y (Sjft 0 U. . * -£ A*Jb JaJli-4 ^P Jaj^UM ^j^aiu SpL-/s ll e-M 1 ^ If- 


•csy^/i 


.(Alnico) ^ L* 4j 4 _^j I jJ ■ JajIaII d c-\ ~. . y d U^l 4— i ^ puj 

.(Co) oJb /)l _, (Ni) JSyil j t(Al) r yi^ 1^ <i^3 ) ^Jl 0^1*-»>li AjL«^^J| jy* aOL^JI 0 JwA d~fll Jm\ 

ji Jj-L>- 4xjaJ < j \ Sja-Ju* jJluiJlj AU^ial* 4 L> ^ O^lxil ^aju 7 

i*i«* ) s - ^ U ^^-^0 Lg_*Ja-dXd* ^ l^Sjlll I ^U^Jl ^ . ^\Xd* 

. i T ...«.^ll J^> jJl oli ^^bS/l <j l$i~J jl l^i .Up ^pIjJI 


oJj& ^|Ji>*JL^lj JaJlxil 0 JLA x-w 2 j . aJIp <LJLl« U-^^lodJc* ob UOljJl Jajlxil ^jUasf ( A-UaJ 

4^1 JjJl Jj?- £jial~u *>ULi jJLL* 4a^tC. cl~Pj b] . 4 L Uixj 5 j1 51 y£ e >}\ — ll 

C^^Jj . U-jI ^ ll y ol jUdP ^3J p-Jiu*** ^...j v:*A 4jU Jp Jj>-Ij dL^Lj (jJLw*) OXftil ^j^lp j jA 

.J^lT ^jS'Liu i ^-rU:» ^ 3j|jl LL»P it* obi Ja.:*£ llt>- lAUjl 


JjjJa l^Ia Jilj Ail!lS 

(j yT. 4 j! y y\ .^liL IjJli* 5 4J ^Jaj A^jJ /7 I j> t J ^1 j ^ g- Uto UJL» ^JLjJ 01 y y\ 

*>L^i)Ij l\ yi\ J^-b jiJuJl SibT ^1^1 ^S m U^JaJtil Ig^iUj 51 jj U jlj jU 

•d» : .^li ^1u>bUdlj c x. - .-t.' djL>- jJ C....... I Ul ( jd?l i^iil iB 

5 = 47t x 1CT 1 (junl/s) 


vjy^j 


5 = 1.2566 x IQ- 6 (//k//s) 


(5-14) 4±un 

.5iJ 100 j£j cm 20 (j-jiaiiil Jjls .dc ^, ~j3.; » .d ^ jLj yr. < 0 ! ya yiJ 

Ld .100 5^ 4..d.la:i«U ,G 20 iiL>- ^ c - .-. J 51 yJl £ yiJuJl AiUS^ 

?JJLUl J jlil jUl _y 


(5-14) J* 

4 Cm 20 j* S J jUl .lg^U>cX^l^ ^)! Air.. /a il ^-4 CjI-X>“ jJl jil y y JlS^tJlj o^UJlS^ lj — jl 
y AiUl <i^a}\ j jpf .T 0.0020 G 20 ^ B jiJJl .m 0.20 

:/ ^1 



: ytsP g\ J\ 


B = 1.2566 x 1CT 6 (junl/s) 

B/I = 1.2566 x 10 -6 (//ra/s) 

7 _1 = 1.2566 x 10 -6 (pn/sB) 

/ = 7.9580 x 10 s (sB/^n) 

^ a ' 'll 01 J? _ r iJ d-L$5* oliliiit 0] jX Ajl 

^ j, 1 ? . w i M...M 3lj ^ . Lla 1 " ■ -^ Lxl^ .aJL^aII aJL^-I <_$ .,^11 4o< i 

Lxi .(yivs Li^jis olaL* jl I yi~» <L. ..;)?•■«< 4j0laJ jl iil yivs jl b ljL< 

/= 7.9580 x 10 5 (0.20 x 0.0020)/ (100 x 100) 

= 7.9580 x 10 5 x 4.0 x 10' 8 
= 0.031832 A = 31.832 mA 

. Jajii ijy*LA ijy*i jj j jJUi* LiSl mA 32 dJjJt Ujb <__> yu £ 

Au u Ja i w afl 1I1VVI 

ol$L yil ^ .ap $.LJ*L aS"" yJD aLULII 51 jjJl o>ii a**J*j\\ ^ l)1 

^jSoT ,4jcJi lJU* aJnLjI^LLI a j-g-^rS/l J c aJIj J jUair j c^jy — arij cAy L> j — 

cC-olS" $.UJ Jailill £-* jty>-S/l y a - ru . (3 cI-La wj J&\ aJIj j $5** Jail — ka 

a^^rSflj lOUJjilj 


^UjJI jlf* 

dl^JJ ^ j *4, J ? < » a 0jL»P l)1 . l)L)j ijfj ^*’ ^ * Uajfl^ ^6“ 14) +0 yi 


tC^UUl jjdil iS y£. .(,^3*^ jJ i,.. * y3$ j£ <3 A-ajai* 

. jy5" jlJ j y» Ij ji l)j$sj 

xa*j j J j* *X*P ,4-jOLJrl G^-a-J ^JjLwv^U i—«., «^ia A.1 1 t—aill ^ j-C P 

(^JJl k aJl C-oLIj^ ^jL A»i>^ jig >« li Jb y . d 4, . . .y a ll i^j>LAtJ t L a 1 1 \ jL* j 

Jjpl^aJl J cdjs-*a3 A-^a*Ji l) . dl^Jl oloLi ^ jallJ cdljjJl J j!b a ] jb 

J-a— jiJl (w^yiaiJl Jau^j f . (jli J 1 A>^Ju& ^ aJ o! jJl (j <3 S^J 2 j * A* 

OlJI ^ yaju 0} .(^JLyaJl ^U>rj]j «L>r .a^ll cAj 4j>- 1 ^Jl ^ 4,^ y» A- J L> 

T^il jl jy» jjil jl JijSfl jl (^JLJLaiJI jjy jJJ Aa^llj| Ox-j? ^cJJj jli y TlSlll 

(j^v^ ^ ? *'^'ji cA J-* ^ *3} •*— ajULI oLp-j — o-^r ^ ]gj u> La jAv2 — J 

.(^ j^Vl dLii^fl — < t.i? oljLil 



J}»j rybli oLll 

(oM) 





< a i*i i .i^ l <11 £>^C-Lill 


.AjUj^j ^Vu»h (jb j ja. :(6”14) 

if 

.Uli c^>- (Jj-Xj ^lii^) ^ Sli l/ 4 ^ c3 s — <y* 

y^- tAjSsjL-*>Ul o*>l— jil 3 . o-Laj 4jL-^» /y ^1 ^ y /y Ja^ <-*£* j Ui 

j£l jlj COjlJljl 3 f.1 j?r\ 3 ^ g;^ c Jibi^-I c_ /^Jlj C yjl aJLp AjjtiL* oljbj ^2 *J 

" * * ^ 

4 j 4 jl+**** ^il ^w 4 j>bJL-«j (^*^ 6 ^// 4 ^w*L* jl ^1 l ^ ^ j 


t^P /^-t// L a 5" y>JJ aLL&JI Anil jJl j^Ssj .(^^J JU Uaia^j bf^j (7~14) ^J^-iJl ^t 

Ajl-^Jl l)^^-> C-b^^JwJi fl*b& y ** - ^ .^gjb ^»K^jgJLnJ»l (3 ^W* ^y^jbj 1 ^*tl^yr~ Jj>~\ j A JLJL* 

d! ^1 p*^J ^lj JJl wLi* (Sj£ n— ^IS*" jlJ 1 jj««)g ) Aip .Z AjLg-Jlj aJ j-v^ j> jj — pj 7 ajL^j — ib aJ j */> ja X 

.z AjifrJb x 4,bfrJi y*jj y Aifrji ^p x sui^Ji LbUi y *± . jjuii ^Jiti 



L-JwAll : jis. gt jJl J^Mll 



X 



w 



. 1 $ juift j ^JaJaaj j * j “(s- 1 ) ^ jjjyb-aj “( 1 ) '{7~ 14 ) JSAB 

wi*>» L^axj . uJL^- t- 3 w\J> ,J 5 " toULj — II * 5 — bU> j — si Jj*- j_ 

.aC jl d-C jLlIl £* -Xju* j>-NI j t ^1*. 




jjj* Jclp ojlJllI ^jaiJj j^>lll I g (3 jW" J3j* oji-Ul L a V^ ? <^lill (S*h ,J ^SCj 

^dl IAj£ ^JuJaJi (3*j) .I^*LC L». :; ]g Ulili jJl u~^ f ' i^ k*~L> ^ J * — ^ // . jl- — xil 

jl L*-*!? ( 7 — 14 ) 3 ^|jj>fci*vl ^ 5 Cjt .( (^JlIII 3 j 4 : — * ^ j 

* e " * ^ 

Ov^)^ Oy Ls^ul L^l Jj>t_^ I /j>oiT_ . Lvw L* jJ I jLx^l ^jIp I^L^jlpI lIJ — 


^Jojla 3 * ji*- jl o'jLj J-*^- ^ll ^JaJlj oIjIjJI 3 o ot$JL ^il ^a>fciwwj 

fr\j>-\ li» ^llj J i-3Lv5ul <0 su**I^j Ax^all ^J^IjiJl JLotjdl olAjJalJl 

. OLJu ^]| ^jA (J y&\ ol jx a! p JwU ^Jl j aS' j>*Za 


OUjy£l)[lj iS,\jj£}\ :^li)l *ylJl 


^AJLuIaI] jLu I t & JX4 

^yiJ dy- (_£ytil 5 ^Ua^-l 4 <d>*-v^ 4 -^-jI^~« y 4 <J jJL^\ J <1)1 ( j $s_C 

dc i y 2 - ty*ll 1*14 .dc *~jj \ y ajU? J,l dc Aill? J y> ^ <^1 <dNl ^y-JU .J^ju 

. Jj — ill f**£ spS 0 01 ywaJl 4 jJ1j cJ ^ yM fy*>- 0 01 ^jSs-C . <_^y Jjil y» i 

jl t^jjl C^yr (j jljjjJl LUj d-y A-JaJl i^y»rS/l (J ld>r OjycyflJl olS^ j4AJ ^ J 

Lp^aa*j ^IJaj <■»<> lS""ysl ! ^j/3.* j ^ « 1? i « *>.) . 1 ^1 -^apI ^5 1 ^ >*i 

(jy y y 1 - . Ny>- ^ ^Uill y apj ^4 Jl dc J ^ -^jy J — ^y 

UT .Ailj AJjly ay jl ojIj Oljy ^y- typ amj j}sj 4ljl*jdl cyUaJ^l yljJ j 4^«S^ljdl cyUaiSfl <--oUt 

jjJJ Ajjjj-laJl aJIj A ilJaJl cJl5^ L*JS"j tc£ yi ^yJl OtS"" 1*15"* toUill (j jl — ll jL — ll ^bjl 
^yJJj t<^ y^l oliill 4P- y*£; yu> .il yM $ ja Ip £> t yfjJf ^jJIf y-JLJ tc^balil 4 .P j — *j4 

<_£ y£ .4^jljJl JaiLiil y* ^ jy C->15" yM yajo J JibM d>laJL* Jj-ji—J . ((8 — 1 4 ai>Ij t^/ — <zJ-f 

oL 4^L oyJl ^^Ip iliJi JaiL^ .J-ldl aIs^M y Sjy (-JuaJ JS"* yljJl ^JlI* <j jLOl dl4l ^ Ip 4 — iaiUM 

.jLjJI 4;>»jg< J-*j c->Ui^“ (3 ^®yj N c£jljJl 4>y- a]a^I y (3^* c^y^ .4— -i> 


jiui au 



. tiHiLjjVl A^ojiliokdl Jlftj . dc ^joij I^8 — 14^ 

« Jajln^ll ^ ial iG (jSLol y 4-laSj J -iaAS djOL-aj]! AjuLUlIOI JajlaiJ- ydj 




vAij& 

JSCjio 4*\ y* *-p J i cc^uJifl ji li j>%^ JJ U jl>- <Jl JSLio (Jb jJjlf y+ — j 

jj > ^ y t * t a * 

l)1 .15^ ^/IjJ ^ folS^ j>uS* (J^-^ ^ U^J oljJ j — L i ( j^a — *j — j *-* 

.y?[>~ Ja£ ^ 4$lU o'y ^j-P o jLp cO'15" 

? J 

Jii-I Jo jjj .(^ Jjb- (J <-jJil Jj^i l^JJLP EC jLj ( ^»t-ij-ojJl uJjil 0£L> 

<^jju i) oijJ^Jl J .((9-14) Jajliil y* ^jJ a]o^\ y y ~ — Jaiw ll 

JjtAl .y> ^S-SM JLSCjlSlAl AiliaJl objj^ tj^i y jl OH _/ ^Ja^l y ji ^J— Ju3b 

dC l5 1p J 4j C^'- jLj ^ — Lp ^ j — >- — 5^1 -Xij — ^ 


t jMijhfca iliULuit C)J* 

l)J^“ ‘L»l*jl JojL* ya.T ,4P jJLl* Jl^-iL oULJl ^vwvjalill ^ 

. ^~«*h**l J& y^Jl olitJl 


t fl\ j\ 



AC C > 

. ac ^IjaI Jaloxa ^ jj :( 9 “ 14 ) 


OlJjjS&yij i4,,« JrriUj ulll 


^ < njh w *fl iajj-uJI 

^bS/l o-Ia Jaj jJLH .d-».»»l$3l 05 bftJU^ <bU y* ^1 Jajj— — i 01 

iijJl ob ^iL-*jii 05 Av^L>- c <Jj — ill aJL^iII 05 Ob>-Sf I L y 2Ju . <j5 f*-b9*i**o JIjj ^ 4jl^Jj <*jsS 

oULJl |%JaJ i y2ju J UojI Jaj jJiS\ .iL£l . jj — ill (hi-fi) <+ ftluil 

. 4jt**Jl 4Jlp Aj j 

4*1? a ! jl 4«,,~2)a\*Ajj4 0/ oJji-* 4whdi U^ill! JujJ-l X^S\ oli> 0/* ^ j^SvX__j 

3sjj»A 1 ®*lft (_£*Ul CwiAlll «*ll ^d^“l c .4*^*1 ..— »*^b 

j j^j jbb* r^li^ olb jJ iLUll iiUdl 05 ^JaJO ® y ^Ju <J,I L4 oil as- j~~. > 

J sS 05 jS’ a** A) <p ^ wJb Jaj jOOl L*jjlp . jut* dL^-b ^ .,i^ a~- ~ ^ juji^-I jl**s 5TI o^bj— a- l ♦ 

•JpUizJf Aja^l AJLflS* ^J>s£ m Lliz* jt>- 4 j3 ^iJl O^l-S-JjJrl (J i— **4*4 ,, ,,T tOlwT — *m S )}\ 

^jP ^tjljJl ^L^S/I ^J-A>«JLj O-wfij 0^1 ^A^-l I Jjk 01 . 

i*£ j£z. N . 4jsJLi>*_L 1 ol 4«.la~ll c-» <w»L>il as- ysL* oA , 5^ Lc * ^ j , .,«j — il l j—syj 

Jaj ^iJl j jS\j j ^Jl Joj jJlJl ob oll-^l^Jl JJuiJ 4jb ^iaj j J L ^.* t J l Jaj jJujl C->li oLl — ^ iSsJl 
jll aOIaJI '^mwJI 1 43^ Jflj^j J l AS- j**> , ^fcX^jdLJ 0»1^S/1 

.O^aJl < J-3sw*i! 4^<a>«j^l olp ^Qai7 J jjJLiilj 
(J^-4>- 4 Ian* I ^j Lft ^1 Jdj O^UljJl 4 j^»S*j 

jl 4^jljJl JajlJtil ^jP 1 wL*j ^-^JsLJtll Jaj jJJb ]aA*>~\ .dJLg5^ jj- 4 y-^Sfl 4 j t — - — £ J 

cJlS^ lilj Jaj jjJl ^^P oULJi U^jI 4juiJ ^ll 5jl j3 - 1 Ji . 4 -j1j j^3\ JaJ\ — ill 

, iQajI ^JL^-iJl Jaj jjJl j^,.^:_^ c4jU 5^ 4*iJ y ojl JA 

W4tl 4>a. jin 

tf? 

Jl>-I .J.J ^ *>Li> Ll JLgJLj ji ^Jl 4jijdl oULJl Oji jiaj j ^vOP JL^-i 

c/ 3 ' j* •!» y* Li-^ 1-^^ ( j/j 0)1 . ^.».la;ill jA . Il l^JbJ ol — ft j — iS^t 

U j^P wbr y j obUl ^ ,1a ma (4 : LaJl C*>iJf j~Jb U^jI ^^P-bj) 4^L^f ( j^!y^/f d . 4P jJ L* ^1 ^>-lj 

liUil t(cm 8.9) ^l 3.5 5>lp Sj^Jf 0 .j — r ob — ^ j J — pb 

CjlS'yZ ^P~u J a ** to / o'yT ^4 Ifp j — > J 
jj>J .^*>.b;ill Jaj 4-^ij y* ^ l 5 1^ t^^Jjaiiil y> yb\ f-L^ jl 

J>b" ^1 1^ J .objjJrl <iaiil laa» jUi Jb Jj>r jj (^1 *^bj ^jj^p (j^j — ^1 oliL j 

( — Jaj j^Jl ^^p (Jiliisi- J^-io y*** { ^ s ' j 0 jaII .^Ua-pSlI yy Jb 1 j Lj^ oj 

P 

iw>*LwJl Jp <— ^IjbOl O^bj ^yju y* £j j ^ 0 L*->a»4 l< 1p »m 0 I ^g lp b^jl*ll jAs+Zjj ,4 " .. <v »< J LLft 

^Jaj tdlJjJ ^Jl jjai ^ 4ib*v« l » g 0a»; jP ^^ip jb^>*j-* jb ^ .(^ ^-'yi 

.Jaj j-OJl ^1 p l-£ 4Pj-^ yi]l j 4 oUbJl 





Oy£- 01 «c aj! j ji Axil^li a~*j jjl c->L*^I*l.l a*uS^ ^•-‘Jl j\*-saJ1 ( j^? jill 0ji4 01 

,aJL*15^ ap j^i jj>- l^5o: jt t aL ^J aJl o1j!j ^\ c-'ti* L* ajc-OI — aJIp av?UM 3 jou^jl ^j^?! j^S/1 

A-yw-JaJL*ll ^jp\ }\\ j^>* j 4jirljc* JUP Jaj jJlJl AtLkj^- dJb^jdl <LjU ^J l jolJUll 3ti£l t . £ 

.ijjj+t ail -UP 


>»« (jUld) 


J^-io iLu-( ijli ^ C— >rf lil 9J-Sr OiyjJl 0_jS^j .SjJj-Ail JUP J^aiJl l~L«> Jj ,_/»Jl j! J P 

. ^_->USsJl 4 jL^ ^ 65j3t j* 3j^jA-Sn ijl Lip ^ 

JiJ-l .1 

•r^ 5 (t/o* J" ts^) l tM ' t>j^' J*£ (a) 

. A3' yuM c^Usi^l l*Lc j£ (b) 

. Jaaj aL^JI (c) 

• J-~*i crU 1 ^' J*£ (d) 

L^L l ^ ~)a i<c* ^Jl d^lll ^jP (Jlii .2 

•O*^ 2 ^ ( a ) 

•^j4? cr^^ (b) 

.(%-? b (C) 

. Jj3 ol> (d) 

A3 ^)l0 |»-*A£«m ■*.* U-i-L-** J ^*** *)^ ««l 1I ^i-U)l ,3 

.dJUL*J^ -i*-Jl a^L^j <-£ (a) 
,^LL*Jl jl^^r c£^l O^^j (b) 

p 

.llLL*Ji ( jp jjcJJ iitj aj ji ^ (c) 

. (jJ-I— JJ Ajjl^a A^-JLU-*-* i) j^l) (d) 

3-X>-j ^ ^UJi .4 

.UlSl)' ^ .,» J a ;« 1 1 JibM 3jii (a) 

.ii) -jwd (b) 

. ^- ■ ia Jill ji-dl iiliT (c) 

.4,,*..]?;wll djU-ill (d) 

IjXiiA ^-JsLJiil aS" yM 3 yiJl ^ U cmA 500 jLj V 10 — Lp <Jj U ^ y. ?-l 131 .5 

VaaJ -j*>% 









5,000 (a) 
50 (b) 


5.0 (c) 
0.02 (d) 

* 

4jL/?UJi j L* ynS- V <j* 6 

* B ^ 

^jA opjl^- 4 j C->L*^ drl Jji-Xj (a) 

1 (cJij) (b) 

,1J\j j^i\ o jXa}\ Ji3 Jji (C) 

Or jLiJul (_} JjC (d) 

3.C .7 

.<_£ ^Lorty Jaii ^-bsw-» (a) 
.jujJ-I Ibl ^ (b) 

,c£ <]aJJuJj ^LorSfl jA^ (C) 

.o-JaiJl i Js* bUipl oJloil JajUil yL> jt ojJbw (d) 

* 

4pUv*J lJbr A-JUJl AJLilt O^Joull oli oilll .8 

•ac cr^* (a) 

•dc u ~la^ (b) 

AjC*J-J (C) 

.j*-5b i j*^ 3 ** * (d) 

y dc -ii j£- -t’LoJJ JJLbl A*JaJ l£*^ jlflJrl .9 

. a*^ jjl (a) 

.J \ oJI vJdll (b) 

.jlit (c) 

.Jii-I ^JlU (d) 

oULJl ^b>r Ojib Jaj £-• AijUilb y jjjJl AJL^>- ot .10 

• J Sol y>jii\ j\y^\ (a) 

. Jaji ytJl j aJLp yb bf j>Tt ap ^ o>ULJl £^b*r j dy- AJlSUl (b) 

• J-*»' ,_r^A' j-V (c) 
.^w-JaJdl J ^oJJ (d) 




-ijUUI jluli Jja JjjaJI 


(J-jaJJ , 4 -jIj ^S sJl dc Oljb <3 4 ]fl> 4 *o 4 -L^rlj c jLli! olStAxJl jj 

.jLj Sjji JS" jw ?.Lj 1 43LL? jj>J j\ dy£ ^ aJi* dJlT b! ac o>ljb 

dJLb ^juj jl JS" f.b>\ 43U2JI ji j£- jl ^jij '£- ^ bl Zl&LL* (_£j .. ©jlJ H * 

. Lo-gJl £ ji AjL^Ji 


LS^ 4-Jb 5iljaJl ^jA C-^ yil ^yjy^xlil j>P ^jblil jLlil ^jiaj y>*lil l- 

# * „ ji ^ ,< „ / 

^y* cbJb ySvJ j ciblp oU? y>*il 0 . <J^L^^>tllj (^JJJb ^ jJLj \ ol) ySsli ^PJJ 


aaI>- ^1 <±JULJl Ui* cJ y>- jJ J-v^ bl* . jl* jLS' ( 10 6 ) j yJL* jb LS^Ju- kiJu j ! 

jj^j .L^Sa:^* tiJ-ta caJiJjM /J jLiil ? 4 jjUoj oLLi L^bli cJL&jj 

Si * 

> - J ! y £-*aj 0 ys J*^ < 3 # JuJ\ :>by . SJlbM ja ^y* J$ jLiil jjidJ <3 4 ? 

|j»A J$ AilJaJl ^y* jy>fcj . 4 »ibM ^3 oL) y*',.9~ < 

^ w ■ ^7/v v\;i'*;‘ '• 

(3 ^ j- 4 ^ y>^ <-^b^ 4 jSj ^J aJl di -4 4 *UaJl 0 ^- SjJi jl . 

.l jm jSm j > >l oVmJj 


^ J_jkJl ll£ lilL- wii j&L _j .km 10 6 '*^>- LL^- yLi *V 

ciXb^Jt ^y* LS^*^ 4 J 4 ^-jJL cjlu/?' ^jjwU]! -ibjj tciJJjb "bP f_a b ^ 


ttb c^Ui 


, e Jj> 0 j aaJ ob 4JaJL>“ 0jLJl 4j jUb 

^ Jjj Jj . Al>-b 4^»*« « k « b ^jp oi^jj j *Xi P ^**taJaJLjtLl ^pJllIl i^JlpI yaTi cl-aL* c^Sf A* * *w J Ij 

ekkukl o-1*j jS'\ ^r^yaj Ja;»U ibkjj ^JlLLI jot olpL^Ij . <L^kkill Iu0j3 y klJL-Ji 

**" * 

^gip^ ti_jdi) O^ljjJ 3-Lp ^ip ^ «kj I ^>«-Xll JL* I*j . AjI^A ol^j J Ajjlib jjJ ol^J 3 

.cJlUJJ c ^i£Lll jSLiJl Jpj t^jdll ^k5 

# # # 

jjJj . okll £-a b jk ^iaj ^p*Jl c_^o-bl; j colilll 3 Up- *-* b ^k b j^-P eJdil ^yaj j£- — -«Ljj 

. (will l J^k o3L»jj ^j^aj p»xJl ^jxastxJj Jy>- ^j^aj p**Jl ^^ip AaIJI ^Ja3 J jkj oUiJl 3-LPj Ct_-Alll J jk 


(jiajjaaJ) S^j 

* J * % * * t * * 

jUt jJdj .y ^>*il J^tT A~bj wlk ll3j jLOl jjjjj Jjytl^o tdc 3jj£. <jk _p«il Jh^J — p 

dc *^kr 4^-MjJb jLlil (Jjjux ( j}oJl£-\ bA5" jjkj p*t-lll Ob^ LJ5" -^jkj p^lll ^ip -b***j (Jjl. *£. 

- * * * 

Jai j£ JiC ,Je J>*1\ jS> wL^Jrlj jLill jM Jjjc« ^ju A~«Jl jP jjpJ ^A Ja> y^\ oJ — ?-j jl .<j \. — m 
J ipl 1 jIJjlC. ^jOJ^-\ jl A-j jLjli-1 3b jl ^jk p*«> J5-^ (V 1) C-J ji 1 SjljJL* 0_pb"* i$j* (H 1) 1 

.(A/sl) 

* $ > * * 

^P )\ jJLpj l*X4 L> *b — ?r djv< — ^ ^ j — * l£j — k»i 

U^ Jl djJLflJl 3 d jlii obU-soJl ^jjaj ^ j — j cU — b ^ — * 

i9 

r 1 "’ 01 -(nH) s* y^J f j' (^H) jj&tif j\ (mH) <j y* ^ — UL «3l — p j&j — >J>\ 

clmH = 0.001 H = 10~ 3 H cl^-J Jl> utfll ^ oUpUH oL^bU 

. 1 nH = 0.001 |iH = 0.00000000 1H = 10" 9 Hj 1 |iH = 0.001 mH= 0.000001 H = 10 -6 Hj 

j J ip^-o jLlii OrP~ tljyw? C-*LaJ Ojyt^aJ^ otilll £ ^Ja±j>*^\ 0 j — 

j C->b 4^^-skJl o^lilll (3 O^j^j * d jb — 3j — gkrl 

. d 0 jj P-k*j jbOi j^jdj ^ . *>- cl d^Lilil 


* f a * 

^j5rJ b5" ^JLp ^yaj y»x0l A-<k-3!xj c JpliiJ oLk ^>Jkl J y>- A^w-Jaktil J j£l^-\ ckb^ bl 

^ ll . g-Xj>- ^Lp ^..gll aj^L— » ^iaj <ul^Jl a*-*a]I O^^j .^^JL^cijl ^ . 1 p o^l — 4^LiL! 

JUP oU? J>«ll ( A^kr- jli dJbl-\j>LLw-l ^ Jb"tlil 

»M .((1-15) JS^JI) J^JI ^Ip aJ ^VS» L n t... tZ, 3 cZ 2 C->Uaj y»tjl 0 kj — 

^jkxi — C^li ^Ssll jjfU J^lk 4 jjkj 3 J ^JlP (^1 - ^JpLaiJ ^ C-*Uk J>x^j U 4 r ^ k^ l J jA^\ <1 ) IT 

5Jc«^jl d-iA L jjkj 


L — L x + L 2 + L 3 + . . . + L ) 





^ 1 t-2 Z-3 

ysscroi iMRjffL_rcwu!n_ 

*■ (.„ 

? roron 

. cULuJI ^jJc. ujIajIaaII l fll > s\i LoS cUmuII L$ ic> CiLjaj^aall L il > iaj I^l*~15) 

£ jiSH CiLua j^aA 

U5*" Jai y*i!l £y*J yd\ ^Js- jJ y^"l j\ jy y*-* yj J^ly* <y*i y^- *^-'y> ^ li) 

^ ylll 3J y* L n 4... 4 Z 3 lL 2 cZq y<jJi JJj-0 4jI t y»_ yil yi^l oUjUll p-J *-*->*j 

1/Z ( j^2j y*lil y jJjL* lAj .((2-15) 

l/L = 1/Zj + 1/Z 2 + 1/Z 3 + ... + \/L n 



y yall ^jJc- CjL& jUaII <. jLjgj LS yull ^^Jc. d>l 1 i \ jJaj *. (2“ 15) (J&Jttl) 

‘i£\ ■ l/L J^-l y* aJLp cJUa>- l£*AH iJL*jl c-j jJLi* Jjv-L Z, l/ 2 ^ y**^ il£i y y£ 

L = 1/(1/^! + 1/Z 2 + 1/Z 3 + ... + l/z n ) 

= (1/ti + l/z, 2 + I/I3+ ... + 1/Z n ) _1 

< lal^- V .o>l<A>* ^Jl j^ylyj j\5/ *Lll |<» g 1 1 cc 5 y~l ® y ^^1 p — j U. j jJ a 

^J5"" ci^Li^^Al -L^y^ yLilj ^ yi>l t_£ ya ^Lllj y^ 

.^jLy)l <yl y«JJ 1$-1 p J-s^>^- oJL>* ^Jl t^^aj oJL>- ^^Ip 

yixj (j J^lyil yaj ycJl Xjj . J^ly* yaj y^- 3 _y-j XP 1 — C. Lv« — aj\ J^Ju — j V ^ Pi 

j * m ^ jc ( 

yaj y^lli j 4^-vall aJI jwJ ur jjTt jvJ Ji jU_Jl 

jLio jL^^l yixj 3 j jAvJjLgi.1 (jJLflj jl j — lU (3U^ \\ { jjajj—>*s}\ jL y 3 «; j 

ob: y)i c->b iv?L>- y-S/l oJlaxI' iJjySCi^l ji cuLajj^I J>\ $.Lj JLp J^L ill c yaj J __>*ijl 

. 4-JlxJl 




OUij j n\j 


(1-15) 4JLmui 

0! j j£- 3 y-j ^Jp JdL~Ji Jp <J w5 y oU? y**-* 4 j*)U 3 y- J ( J> J xil 

ydJ JUdl yjydi y L. .^H 120 j c^H 150j anH 1.50 l$*J 

(1-15) J* 

s-y?: .(mH) iS j** <^ld! Lp3 . 1 g«*H ^ olJL>- yJi Jl d-»Uoj y>*dl <J J >” 

. <s j*& ^Lii Jl t£ jj^jlii fj* L^L yxii 0.001 (10 3 ) sdldlj old! <*y y> 

. 3 L^Jl ^LJl^JI ^yaj^yxd! C) c4^v*idlj 

L s = (1.50 + 0.150 + 0.120) mH = 1.77 mH 

(2-15) Uyu 

^ylydL j\ y»ju*»V! £<* 4^ yid! ^Lp 4j*^ld! oL*?y»*-*JJ J^Ji ^yayxd! ja l— - * 

^ya j ^-Xp 

(2-15) J* 

i>- ^ .<j£ y*-f 0 y ^ yA ^Lli IpO .Lg^ij cd-b**- Jl oUj y>xd! Vjl Jj — ->- 

.mH -1 0.667 JLi* 01* Jldlj mH 1.50 J j^l yj ydl XJ 0] .dJiP^I o I — & ^ j — UL* 
•vy mH -1 8.333j mH' 1 6.667 y ctJldlj jldl yjydl <yJLi* 01* 4<uU^ 

^Jp J?li>JJ 3yi^> 40oAi-i oLJ-l 3 <y yA ^Lil cy ^—Ijla cda — >-j ^ — *j }} 

( ^P yadl .yaj y»xdl <y JUL* yip J yva?*JLi 0^/1 yyJi oOa .<yl~*d-i *uL*P 3 ^ l**-* l** jl—*-* 

:Z p JUi! 


I p _1 = (0.667 + 6.667 + 8.333)mH~* = 15.667 mH 


r— 1 


:^ P > V^ 1 


0 4 lyl 


V = 


(15.667 mH" 1 ) -1 = 0.0638 mH 
• HH 63.8 J&sJt y <up ji^dl J-^iSl' 0 j£j Ji 


It ifcli^ll 

fi * j 

(^id.! ^)ildl^ yL^aJ! ^*X)j 3<-Lxj 1 ^ < P y»^ w d ! .(lC ^5 ! l i’J * * ** j 4 ^*jIa 11 yjt* J 

Oa-^/6 A^jLaI! 0 yJbjyd! y- jj (Oy*^iJ 4 (0y^*J cc3^/l yp 4 jL^ 0j*Xj oJjly* 4i-X?r 0 y-5^ ^ * 

A -i^ Ojlill Jyr ySy. (3 . Jj*j! — ^yLJL* da-^!y Lyp y*4dl! y ..-^JT 4 4*^>, /.»!,. // 

.(IpIo» Uiajf ^y^d) 1%-OSi*-*- 4 

^gJLp o-jjj yV! ydo yj! Oyld Uij Ojlail o^Ly jLd! ^!^Jj <j! y tO^ 4 dc C^* — Japl IS] 

.rms j! oil! Ji oiil ja a^Jr! juji^ jf oi ac -xpr j jW* y- i^i y ac -ipr 



VjUsll jLsll Jy- Jbjil : 


dc j CjLuaj^bAlt 

^ip OJLL-Jl (^JjJL C— bj . IJL?r JL Pr J^Oo fl) JiLJ OJjJLJ A)l { Jpj—Z3>\ 

\ ^UJl ^r.* ydu c4jI*A-*JI 3 ^UJl Cj^ a**S" OlUbl cdc a < 1 v^ ^^ l_ aU **» 

J^J* ^Lp qULJI OIS" 0} ygj V .AjUaJl Ujyt (jyUJl) U-vpUJI <3 yr 01 ySOll y> j cap ^ o 
iJlA 0J .j\*S" jLxll OS/ C <_~Qa,» J J>- 4jaJ <_£ J>r jl y?jS/l JU 3*^ UiS " Ojj toJj>Oj Ail) a1L>- 
a« jUL*) dXL^J\ 4 >jLL* R Jjuj j tdc i-pr E t jbJl / Ji£ Ou^*- t/ = £//? jUJl 


‘u^J • a *- bL ' ^r* oyii J y>- <J> yiU oil* 3 dc jj <ylj ^$S" Lr Jaji^ apL — ^ oO — SO: 

# * 

ibJLil APlla^>-^/l A?*yj <^JlLLI { y >*~~ j c^^UaJI ^'Ij ^^ 1)1 ^.Jg;*!! 3 j Ul5 lJlLI! 3 jLxll yL, — ** 

JL^Pr jl AjjUaJl JLgPr ^bjl bj ^^JjgjjLA JjL>- jj Ay! ^S3l AiljflJl J y>*lJ V ^ A*jLdll cfJJL-- (3 

jLxIl ^ J— J ijjil £jlaX*-l bj Oj\>-l .'y ^ A>LjJL>- di yJl cblS" 0J ct^plil tOlU* ypA**^ tdjJiJl ijj — * 

.viJJLJl J^ A JU^ 


ac j £*Lia ij 2 laH 

0/» ac «y ji-iJ ^ . )g: . ~7 oJjf Jy .ac JJ dc y^ <Jdi\j J y *> _^il J-^L-I s'^y o jJ> OJUI J ? yil 

.fj* UAl Jl y t jLSlll ^1 £ cjj ^ i>l olt* <J>[ y j* Ax-jaj 
* 

<.joj Jl ^ aljc* a*^S" ^JUD c^SO j .dc ^ aJU-' ^ US" tL — IL p ajIjl — il j ac j jSO — *- 

* 4 % # * 

o O^LflJUl ^JLuJl I^Ulpi . L-illl ^3 A^oSj lj\i-y£^ U*J (3 J **~**i J 

y JUp jisLlllj odil Jl ^5hdi IJLj cAjaiJ J-yal— i A^^^la Jt o^U ji C—51S" bj 

jlll jLxll caJUJI ac y j .A^JaiJl ^iSOtil JJ <Jdil j a~JJ bij jLxJl ^ ^\ .ac 

o j H a d j b pLJXjl ^SvjixSL) cJdil lU-j of 2 jpnS, . cOlLLI Jp ^*jal I 1 $ 4j ^ ^ ill 3 

b-A a-Jlj . olj j ^xSsJ'y ( j-i Jjb^ c ^dygjl J,l ac Apr y* j yj tfiJLor 

* * 

bl Oj^-I .U - ^ J&\ jyfb^ ^y,ajj .dc caJ-uoJ-1 3 tac Ab y: — Si — Lli 3 3^^ 

^ * j 

bl <J» . 0 J5" ^ jLxJl -Upy ^1 yiNl 3^- cJdil ^y&i ^ tac ^ jy* y o^l j o yn^\ 

. Ab jLj ^1 yr 01 v-^jcyaJl 0r*3 . a*jLa^S" 


.(Q) ^ jS f l ^yLij j A* j Lflil AjJOp Ul . A. y>%jdl ileUlb ac ^1 c-jdil 3^^ A*jLa 1 I ^5 pJb" 

^L“ UJ Jl (ii % >L>-S/l y> A*iai) yUaJl jl A^-J t A^jllllS" A-0aj y>xJl Aliliil jJCj Of ySO 

cS y^ oliU jl jS I j yTl oliU) ^ jl jJL^Jl y> bJLP ^lJ a*.J JJ (^Jw? — U) ^jS/l y * bj p 

3 US" t A^jliilS" ^UiS" a^Ozj ^* iil aLpUII j 0^^* ■ (^U ob^ y y 

.(3-15) J^sJi 





OLij tfrb :^lill oUl 

jSj lI j .y Lluj j .y jLs j .y 


i — i — i — \ — i — i — t — t — t — i — > 

0 2 4 6 8 

J i. 4 aJcUaII (J ±uij ^jS-aj :(3— 15) (Ji-iH 

.4aILoi ^jj£j (ji V V 

UJ& J AJpUuJI 

(Jj 4 JLpLa^JJ y*jl • (i-rf y ^Lil ^ y^l ^Ltw«) .^JlpLill y £jA A.*,h ) 4 . ic-Lall 0 ..> 

.JY L >• Jli Aliulu jUoj JYy ^ 4^>L J\ oljUJl 

(fjS/lj) X L j»Jl iipUll j j$L LI <.(iS yAk) L c-iiil Jai (y y>L) f ja ac ^jy* ^y jl5^ LI 

X L = 2nfL~6.2%32jL 

jlT Lj UajI jjIjLjj y* yJklj L ij&i y>*^3 lj JJ jA jLSCiL y* yil jl5^ LI 4jtwaJl yJaS 
^jA 4j yic. yaj O j^j 01 S-*^ ^ yil 0L^ LI 4jl y U j .(^ j^a Lj y j* 1*-1L f 

• Oy^-^ q* <> jil£. { jn*i Oj^nj 01 s— tLrvj*>Llj yJl 0L~ Llj cc-j'^l 

/^Jb ^LJI p— *j -Ajlp 4jl ^jlj Ulaj .ac ^ y o^Ljj Ljajp 4«La.,> y>«^Jl 4 , .Ip-LLII ^Lj— j 

#■ t j 

^LJl j^Jib tOJlUJ .yaj <LL jj L 0 *jI 4.^3; ydl aipUll JiLjj , y iil »w » Ja^*- SjLp £*jLJI ^^>^111 

" * ** * * l 

La>I L y? yY L 4 ^j j hf £* L Jb X L 4-*y .j%-^ yi yp yi: — ^ Ja^y LOul L ^Jb yY L 

.(4-15)J^All J oli^Uil aJiA c-j^j HL £-* 

(3-15) 4&MA 

?kHz 100 :o I JLp ^Jl aIpULI ^ L .mH 10.0 J? j~* 

(3-10) J* 

(JUIj _j ib'i/T) Jjy> Cr* * j*- ‘-^' t>* frj^) ’ u — ^ 

^jIp J-^- <.271 ^JbJJ j yiS" 6.2832 ^-LJl ^Ij>«ju*<Ij .5 y«L> y L«Jl 4 ii .. ^l l j^Jaj ^Sor 

X L = 6.2832 x 100 x 10.0 = 6283.2 Q 

jl ^jl 6,280 (J,l jjjJjdL A^ft^iJl o J la c_^j yj coL ^liji 4 j'>Lj 4> < JjplJI oLLj 01 \s. 

.(kQ) fjt jLT 6.28 

itL ^ jiuiAii ^jj ^ Liij 

4^jUil 4 y ^JLSlc .yaj y j 4 ^jL 5> yp y£- fijL 3 il *jS/I 4^ JLj ^yajL^a iiO rt-^2 J 

^JSsjOl j ja jjb UT t<J» y— ^ ^-ijJ olJlJb-l ^Uai ^JLaLcb* y 4ja^l 4iiUilj 

.ypMl aL4lj Lij-*lP iyajy^l 4lpliil yj tyiS/l jj^l y^ 4 j>w ? ja ^jLSil .(5 — 15) 



V jUsll jtsJl J y JL. jit -.ji* ^Ul-I 


^1-v j-a) 4jluriH 



. JLijlll ya I J^>ia ^jjjjUuujj I Jjia 4,Jm>1 Yu ^JelLdl l(4 — 15) JiuJi 

jji jj 4jjji*ji 4jut«-«jLi jr . ajJjLp’ <*jLc rl £-> j <3 ^) o at jr 

R c L^> ~ (R “H j^L ^Ap RL ^ O^ArjL^JJ (3 

* ^ ^ * * f j ^ 

<^1 ^IJLpS/I oJb»-j j Ji*J j oj-UL* a«4j y>«Jl 4ipUil c f J^Aj OjJjL* 4 — 4jUil 

jIJLp!AJ ^Ij jJ C-;5" Uj) .y ( J^LxlL pi ^5 j i*-jS ^PUJ . — 1 J>JL*JU ^ ^iJl jJ ^-1 

y^l^vJl I Jut y J J-v aiil £>*ljj wLP cAj^UarJI ^IJLpS(' J 

^Jioj ^ j yo + 5 4 jU-arJI 4rJLJJ j y>J \i\ ,^jl R = 5 Ji-J j t<i _j j ^ JA* 4ji u^j — i*l 

0l» ^_jt 3 = X L d jSvj Si j** sv*i il*Ui tiJj-'J OlT lil ./?£ ^J.1 gj i) (5,0) 3Jsi; S' 

(5-15) j£iJl £^y. .RL (j _>i~i' J (0,3) iiaiJ' jLi ij 3 + 0 j» i* _>UJJ cS-U*i' iJ — *Jl 

.(_£ Js»UJl y 3 -*-! jw ? jjj o Jjt 

wL?^^J \ 4 jS/ 4**^La1I y3.*J v-A-L* ^Ap Oj^sJ 0-*L/? y>*Jj ^w(k-Ar L 4^JlJ LA -| dLta-_A-l 

C)j^sj 4j Li 4 ^SvJLw*< o>ljLi Li l)*V $ jp->& 4»»j3) j£- ^JLpLflj* c^L»jLiil . AJUl* jy*± ^jJLL- 

43 41pIjL* jl tjO + 5 Lw5*Ijj AJlill 43 j^O. Jl 4^* jlillS" ~U>- jj ^ J ji? U> 

^^>rj N ZjSnJ j a Jot ^y» O jL?-^/l ^y^RJ (J p-oJl j ^Ssj Ji .j 3 + 0 Lvaljj 4^ Jlt« 

.(l^JaJb ol jLi^-'Vl j jil oUl^o'Vl Jj‘L~. f-Liiw-L) jjja^ ySLio 5i o*>lpUil ol* jlXJJ 



oUl 





•RL £Jj <ajJaj>a 4 > ^il-\ Aj^IC. CjI a j IaaI -LUj Q**'* I ^5“ 15) JikUl 

Jllib j . <J j 3 ( jSs-io oL^-SH (3 aLpIaIIj A^jlflll £*-»0 J 

. 7 1.5 + 4 7*3 + 2 l£ Jp J^aJ-l 

.(c3 L$-p j-rM ^Jlj) c... ^J j (f I^p j-*ij) ^ X^ |*-5 ot ^ JJ 

7?L 3 (L^j j£) ^JJLi (S^ji ^ OJ .RC 5jb 3 ^ j^t o*>\pUii jJcj 

Ji ac 22 J .ac z* j JjL-SUj cac :>:> y Ip j^Ip -UliJl oJla Jiitf . 

* t 

jjA ^lp AjaiJl jtwaJj cJf L = 0 ^-w 2 j o-k-jJ\j .^aj y>%^\ Alpliil tlilpN tdc ^-.a — j iS^ t yiv 2 — 5i 

AjluJI 

© JL a jCJLi; ^Iju . ^5" jSLi ^ip AiliaU oJjil 07^1 ^p ac 3 J- 4 ' j^oj Ax^Jl xic 

" * * * * * 
cdc c^JbJUi L*JUP <^\ U j of ( j5lc C 4 i ^aJi dc oijb 3 4-*^* AxwJl jjjju N .Ub-^' AfUail 

fi # ■ s' 

.02 j.<aaA jl 4 j 0 L*JLlp 4 ^y2 j cAx%*Jl Jl .1 yLu-w* OjXj \ L»0j Pj 

.22 7 ^ \^yJj j *5"*f A! OOijjjliil 

4auJ) 4j*o!LL 

r***- ^ Jpj^ >ji <j^ ^CLj0x<* ^~~ 

ol jXLw*» AxOaj l.<» ^ ( J»^aij it .. 1 ^ ^ .'a*) 3 ^ » g » J>J f aJIj j l ^5^ 



cJjUsil jLj! J y *bjil : J^aiJl 




*2 ^ li^ .f.1 J il 

.aJI— i AJL^*tu y^Sfl J 


U^lju^j 4 JO y>*JU» jl>r i; ^:^ 4 AjjUaj obLi (J,l jL>T ; ,i.vgJl jUlA 
* . * 

. IJIat JU>*-yOajl 0 3 OJy)l JA \ yaw> tjjUi (3 

Ji^jir aj jl— w* <U_J 0 j*£S\ J y ^*1— J tLj yu LjT y^x-U— — > ^ Jdji* — — *^yJJl jL — 5^ li| 

ij yC—o j cd-i yll ^yaxj oL> j ySJ^Ij ^yyJJl ' ' JjyU— o 4 lV!>IjLa Jy* yJJl l)I U.j 4j^Jy .AjjUa- ^ 

,La>I OJyil cS 2 *! ‘"^y^ <yyiJt Cs* otjjj^J^fl ^yyp 

S-L^ill <j ^JL ^S" .JJL>- Jj>r\jJj cAjjUaJl bjl— w* JwyJJl Ju jy*> Jl (j ^ ^y^l tlji — >-' 

4j^Jj . j'Sl! Jo- L>*Oj |1 JwyJJl dSl £ajI-U)I <J I jy*-*? ^jIj^-^JI J-aJ’J tJ-* — -"yJJl Oi — i 

IJ-A J$ AiliaJl Oj>«j . I *>i JjuJi ^Lpj 4jw»yJJl j*- = ^ bJ>- 4jp*jJl J* 4 ®y^ l)^* 1 d 

y » ji . AilisJl dJla Oy ^P 4 \ * g O ^j-M^liil UaJIj 4jwyJJl OjAjJ Ob ^a Aa— J l — Jl> j^S\ J— a^ \ 

.C ^lil 4— 9 J^~\j ^y4 Ji <j Aa— JJ 

Ua*i\ 

U®|JL>-J joJUaa juilij ji jo-*yba £-U>j jS\X J^J .AjjjbJl ^\juS|L *.LiJj J~>ti— . — j 

{ js' ^i£Jl ^ y*3rl < aJ y£lc.j ttjj jJIS" a^U Is^Juaj j^SyAAA jt ^ y^S/' J y 

4ju>^ jL^rl ^ ^ ^ t fc _ .^- 4j L aS^" \ \j 1 ^t « « X « <L>.) •X^C' , (JVaaJI Jfl i<»wl) 

Aa— J l j J cU.gl.J f.1 jAl J-yAAJ J cLh-^aAJ £A ^jU-^ ^ JO { jCS> y^: J^- * ® J>I ^ 

. aJLaJI ac j 5 j±S a4UI 

* f 

• 0±> ui*- 4 jf 4 ( w y^y^' <Jj^ '^’ <J y cJlpLaiIj 

^■la.Jl 4 j>-L^4 ^jL^SsJI JjIaJI JUjj .<^3^3)1 !JuA Aor ^lyl <»aj 

o-L-w* aa^JI <w ..xvLo ,6jy^ aa *m J,LLlc. o I i y y*& jy^*^ 0 «««* ^ < (_)l— aaJI 

^ jiS\ ^l^jl UiS" ^AiibJl ^tjLLvsaJl Ju JjJl L^«SvP Aa— J l — ^-LiJj . j\— > jJJ ii yioll ^Ja— Jl 

. JwjJJl Ju aJU^LJI oLJJ ZJjbJi lZ~>Ij ^L P Ulajl Aa— J l JLOu .Aa— J l O^l^jl LJlS^ J\ ^ jJJl J\ j 

AJjUil C— jIjj . 1 ^1 yaU aJjIaJI C— jIj jl — o . A— JgjJtil Aj^IaJI C-jIj Oolill iJi A 

oSfi' aJIaaJI Aa— J l cJlpLJsj A*JLp aJjLp <1 — ) I y ^lyLl ys w J y*^ aJjIaJI 0%;Ij A— dij yA t— ^\Jfl f-l j) ^1) 

.oly 

e^ii^il yJ Ju o J_A J -by— i cJC c^J^***d o^LJJ aJjIaJ! C-oIj OIS" lil tljj— iaj 

\j>*~>k+0 ijJLSi y*j . Jw>yJJl Ju ^1 yiJl ^ y*s-J L-3bM j. 1 yil ^ -UP Aa— J\j AjjIaa X ( J- 4 ^ Jt ! Aa— J l 

J 5lyyi AiUa jwyJJl Jy JjUJl SyJ jl lil - aML a 5U ^fUi y^Jl JjUJl OlT lil LJup 
Jw yjjl Ju yiJlU AJL I J? ^fli^l oJl5^ lil Iv2jI tjJJij ,5jl y j j-g-^Jl j J— _A^-l 

<y yju t l.A,l )g a L^pyL ^y^x, V Lttjy ^ caJIJia <zj l-Ay> j L > — m L^l .aJjIaJI o^lll y j3j^ ^ 

.AJliil 2JbL| ^pUaJl olikil yy J^JI 



oU)j=£J?ij > j w»U( 


AjujJ) S 

^jianj Anl^Jl 4JJL— ^iL ^^^.Jl ^Jjl^-I <Jjni— j CcJ*^- 4 ^— AjjUau 1 '- & 

jju -L$Jrl _^*j J-in* ( j&Jl£\ L«J5” tin— Jl Ojljjl US' ,i»— Jl ^ Lfr J_«j; *j J J nC. Jt ^ 4-1 Jjlj 1) 

• ^«JL1 1 

* ' * 

. (_ia«>Al j>p j-ju ^jiwUll jLill a^.aS' bry 4n*A*jJl ^p j\*j«j 4x*nJl dA>-^ 0^ 

<Jy j OUoij jl o^bj i^»rj (A 1) jw»l 1 4i*J> jLj jiAJ cF UjL^i>-Ij c jfjti 1 4x~ — il Ji — c 

<* 

(V 1) c-iji 1 »jLlL« 0 y*£ (3 ji ,j-» Liajl F 1 in— Jl .(V/s 1) iOLJL i^Jji 1 jlJJL* 0 _j «^Jl 

. (C 1 ) O^J jS” 1 Ifcjl JjL» iOli 

LiJ ? jj in— Jl CaI-Uj 01 . F 1 i— JL in—* I Jjl iS y . ijjl*. in— eJj—j jjb jljl— aJI 

JiJ pF 1 in-j cF (10 -6 ) 0.000001 Ju pF 1 in- 01 .(pF) ->//l# (pF) j 

• F 10' 12 ji pF 0.000001 

tf! «f J _ 

<j tid*. aJUJi ac ob: y J j ju J^La* JpU; •> j *-j j^b 1' j * 

y^jsu Cjjjtlll IJLA j j£j .Jy^-JU^JJ lZ^IJ jySOyi Oy AjCwJl J £jj ol b)b>^l ^ *j 

* ' * t 

O^l^lnXil <J J^P jjp bj jAl Ujli t ^j/ 3 * l g d^}^L>fcnll b)^b>^J 4**^)^b* A, Aa, A \> 4 « . - ^ 

131 ^ilJl ^!p olv? jl ol* jUil L»^ L^yax; ^** ^J-^JLaJ! ^Ip obii — £- — ^?!o 

J5^ 4JU>> ..^ > 1 Aj^bwnp* J*jbJl AXn^ 0 ^ ^ •*■*»■ <aj 4 /»«jaJ! 1 0 bl£ J 

0 Ap*^jaJl ^1 Lp aJ y* (jiobai^-« oAp ao lil . oA>- ^ Ip — ‘O 

(^1 A*—- Aj JLp JLLP Colju>- jU jt-Jl-Ui bf 4 j^P 0 (S^ i-J^ Jit 

^Lp 0_j^* i**Ji^ni— J.I 5 jj- _jJL i— ^I jJrl 0_j^-— .^IjU JL iljU jj^jlil Jaii^- *)] . * -f' j—j 

.iJo- 

J^jJl) J— J— Jl Jp iij— j C„ <.... iC^ iCj ‘Cj j*-«* oli oUi^l* sJp viLjJ a — il — »l 

riJbJl in,,.jl ^Iop^-L l/c iJ^Ji in— Jl .-.jii. iLfil OJJSU .(6-15) 

1/C = 1/C, + 1/C 2 + 1/C 3 + . . . + 1/C n 
,a*Lp oJ L a>- (^JJl l/c i^nJl i — > ytjLA ip-L C Afcl^Jl An— Jl *iL£l 

(4-15) 5JLup» 

in-Jl ^ U ,J — I — =31 JLp c 2 ^ 0.050 pFj C, = 0.10 pF U»L^--5 jJL& J—*j { 

?U 5 Jl 



jLsll »Jbjil \ j tLfr ^J i/iflll 


Ct C 2 C 3 

r Hf — 11 — * 


c 



LS lc. cAjJoj^LA\ j CjL*jUa}I ^ *y \ La£ (JjJLull CjU-uJI Ay* :(6~15) 

(4-15) Ja. 

. 1/C 2 = 20 pF *j 1/C] = 10 pF 1 ^U,>.:..Li j — ?rjl 

-L>- ' y*r * jj I o' 4_^^1 a1 ^ 2 **- — !) 

Jl oU»> 

1/C = 10pF~' + 20pF‘ = 30 pF 1 
C = l/30pF _I = 0.033 pF 

(5-15) <i-u 

?J-LS3l Sj>-JI ^ U ,J_~LJl ^ pF lOOj pF0.0010 j f 

:(5-15) J* 

d&L »M .pF 0.000100 jl— J pF 100 .V*— — ai da> j_!l J! Sj-^ 

- 1/C,=1000 pF 1 y> v ^ii. jt ,C 2 =0.000100 pFj C,=0.0010 pF OJ Jj — Sll 

ris^jdL .1/C 2 =10,000 pF“‘j 
l/C=1000pF _I + 10,000 pF"*= 11,000 pF' 1 
C=0. 000091 pF 

.pF 91 4j| 4’ iJjJl 1-XA 0| 

( 3 dJLb ^jl ««,**_> . iljli ^/jb 4 Jlj\— jl 4 JL*JlI (J5 

4jip 1 a Lajup ^ ^ 1>I ^3^-*'“-^ (J L»*Xip 4j aJL>- LJLS^ 

<3 5JLi-l 4 JL— c. ^ .oLjL^jM j^iJb 

bl .1 $JLp Lgjg^aj la ai 4 <*lJbtL*l |* Jj»j <_£ ^>-1 0Lj>-I <jj 

4^*aJ| *Ai 0 j>w- tUjj c *yJ bl j ^Lp 3-^ <2 - 3 ^^ UIjLp bap o L>ol 

. (^oJj>-lj 10 Ojl-U^i 

Jb Ljlik. «fi 

•* J 

.((7-15) 3 ^^^) JJLJi (3^ - 'Waj objLail Lk5^ ^ yiill ^s- oUi^li 





d^- 4 . ^Lp ^S"" ^3 Aj^Lta*\> 4 * l^jl 4 * «■»« ll l)^— t(_£l 

.L^-L»1^j 4 JL-J.I 3 o>1jl>-j ^ljb»^_i*^! 



c c 





. (Jxaluull ^ic. djLjaj^aail j CjLq jlLoll ^aVj Ia£ ^^Siill ^^ic- i“iUi^A\l ^a^J *(7“15) (Ji-uaD 

(6“15) Ajtuk« 

j cC 2 =0.0100 |iFj tC[=0.100 |iF — ‘bll ^ — Lp olii — >i >*^ — j J — ^ 

?c u£jl — Si l 5 jU; bU .c 3 =0.00100 |iF 

(6-15) <> 

J* obT C=0.100 |iF+ 0.0100 nF+ 0.00100 nF= 0.11100 ^F 

.oU r Uji a^b, 5Ua^ ^\ dV tC = 0.1 1 1 (J.F j£bJt 

4^-11 

i-Lj L Jaj\ ^ J*** aI^LL* ^Lp jjiit 4.., i 2_ j 4 . L p l. a ^l l 

<u— 5 j ^xiJ ( _ r S'lxLl ab^l; ^ji ^3 -j j A..,Igj SlpbiiJ I JUT ^Jl L^*oij 4 laa i 

c4*^aj^>«jj! aIpLaII ^4 4j^**«J 1 4lpliil .((8-15) Jl) i-jb* 

4 *^- yA pljLpi AJu»y 4 ^ a bjbw ^IjLp! ^jA ^T~ ^ -4J4j 4*a^l ^ t-yAj C^bVS^ 4.^.d..fl b 1 

dcj 

„ , * 

Lj&U cdc ^ j j>. U^dU»j lif .LajLo* L^>“ jZ* LaS** l Cj ^ (jo jl y** ui~ yps^Ji — ^ 

*» 

^ jL JLLP l/jS'Jj . LjL) ( j^J Lx 4 ya.> /^>- AjIwLJI 3 y* “ 6 J^ 

.1 jiufi jLjjl ^4 A&i l4*~Ju 3 j* qLi>wAsaM jJ-^ 1 baAlPj I ^y7 Q’>*jj tOjl^xll 

• 4 A 1 1 oljl jjJl Lg-J ja 2 j 4 iad i jl J^aJ tdjJliJl -i-pr ji 4jjUaJl ^l^jl 

^jL 7t_waj U-g3rl jj SjAiJl ^ ^i djj >-! 

* * + % ^ ^ ^ 

^jJ tliA^r UJLlp . IwLa ^ol a 4^a It ^r cl^ ^ •* 

1 4jl^ AJbi-l dJL* cJ> ^J^io (3^> bl) ^?b ^^3^ Jjbdi 



c-^jbdl jLaJl J y Jbjil : jJLp J-Adll 


jfl bl ji lixa t^jt jL£ 

< — I — I — I — I — I — I — \ — I — I — I . 

-8 -6 -4 -2 0 

4<LuILui]| V jl fjjSLux* l Atrfiii JAaj :(8~15) J^ Hl 

.bi 4uak ya <aj 5 till j Ajjauwill <S&IaaII ^JjSj (jl (j£*J V (jSij 

aJLm-w* ^JIj ^^ vJl (JjUtll jL^I Oj£o ji $-ljAl ^Jtj^^Jl JjUJl Oj^J ^Jl tliLai^A.1 ^ 

. ^jIj j^^Jl jJtJl <_j3j^|j d ^ ^rl Jp\j££\ «-LLP J^xHj jLg-^r! J***J *L*jb s - —?■ ** j j ^AS3y* 

ji jj^i jt islur t-JuJi ji ji&\ j jUi ois oukii j ^ Jjuii jUn t0 _£j j 

4-tXjtll «A g >? L ~ tJL^j-| «JjtJ jLxU jj^il jjL b*-'-*'- 4 ijjlxjl jl ^ Z. 0 I ^j* i j LX**) l 

. o^AjS> j$ 0 j^Jji Jj . b ^$S3l ^ j^Ji tl^jJ^- ^j^AJl 


acj CjI all 

ac 35 y j&u 4 if .ac Jl dc Jj-^jil l jOi Jl ^}ji jdJ f d J*jj\ 

dJLP 4 jL$J| (3 J t jJ ^ ji-J oJLP X* cjJ ytl Ob* ^JLj 4-*-j 5 Jl d jj j-A oAP ^JlJ 4 <LjIJJuI 4-*^ — 5 

•JO* ^ 

t^j^Jj .3jj*JJ A.JhaW j^Juli £* SjJjtJl 3jj> 1^*- ^jI a ^ 11 <jv l-$Jrl t4jldJl J 

yjjl 015”" lilj Ojyw? OJ^S*" bl 4»P^*<J 1 ll J^>w< j^ 4 A^aAA Ay£ £%j \ Q.,/2 1| 4-P j «^r 

lr^ Ws* Ji J^“ ac 3jj> tiilib jj .111 /^lc N J — S^j djs* — ^ ^ — si 

* t * * * 

J5" ^ jJs> jlj 1x5 j 4J>wJl eiJULe *)] .4jJaj ^jLwaJl as* y±£: ../ai .3jjil 4-Jx5 jJu Jxi IjjiS*" ^jLLv 2 ll 


jiJl j ^jij JJi jLlll £*lJ aJJwIv^ ^ja ^oLwaJl JLg-^r! (3 L*j t^Jljdl aC tl»b3 Ji (j 

^ CjIj j t^j jjixllj IwLj j 41«J jLxJl 4J >t-i JLp J j-^flJ-lj Ixj lil>- 

<_3 ^axjb £Kj\a*/a\\ 4J> y*j£ IJ-J jA I ^liJjlj .i-^-jil 4^*i^aJl 3 5jL« ll ll 

~^>w< l^ 4 4>-jil jj^ rr ;<p23j ^xil O^ljj tlJj^X-xl bl IjJ^-l ■ °J y/3 6 * b j\j£^ j , X^ 1 j 

lb> y * ft « ^ . l l dl5" jJ L4 ib*" ^il 4-ajJaJlj L^JL^j ^oLs^sil Ji jbxil ^Cj tt-jCl ^i.1 ^ j . a> 


t * 

^j*»UL> . t— j jLxxil jldLI ^tj \ o.*/a It as* L^*^-flj ^il 4-1? jL*^JJ ^4 » S' aj y**~. , Jl 4 Lc-loll 

( j^» 'b/Jj 4 JL- L?- fc >Ua-/ J i Lt JL Uw j ,4^jlailj 4-jaj ^>xjJl iipbiilS*" L*lC jSflj 4 j jjc^Jl 4ipbil' 

t 3 iC 4^yi?lj Jl j ^ ./3 l i 3 ^J l j c4j jX*3l Alp’IjiLi 4^^3 j a M2 j Ol j * 4 < . «<*j 

yil j^Jo L*Jjlp jl/ j ^j^axJl 1 g jaju 4 -j J j 4-^j>«-j5 ^jljLyaJl 0 jSl j<a./all qa A^ij 5 4-«^ 5 

,^jl lijl jl ^jl jL^Ji ^y» 3Ap JI ^jSfl ULx bJLP ^JLj Ji (li- 5 ^ Ij^oj 




j j 

^£>\aj^-\j '\ A*jjb-* Ojb Aj^jcdl aIpLaI .1 ^ •n^aj . jill j^mSj Aj^jl^mJI aIpIaLI jpJCL—) 

> 9 

aIpUU aJL?- 3 bl aj jm^~S\ aJpLaU aJL>- 3 o*A^ b* ol . 3 ^ ^i)l o^L j > J» Adi a 

aJ^JU aj aIpLaII ob>~^fl 3«i 3 jlJl 0 J> 1 -) Jj j>5^1 (A->- ^ llj ( A->y2 . ? ^>dl 

01 jl Laj^-lj AbjJ 01 ^J,liilj^ .£* ^JaJl ojbil 3 * ^ iljgii L^i — 

.AjItXJl SjA aJLJI X^q jA i J^Jl 01 . Ai^Ol O^b^JJ 

a!Aj>I .Al^ Obi 4 j >- 1 3*^' aIpLuU ol jA 0 3 oJju Aj^**«JI aJLpUII <— 3 

. L4 A^bbl ^AjLya ^-1 AP^*-^- j X*& % )}\ A-Jb*dl p_*jjjl 3 i 

AipLiLl O^j^J A^lJL oljbjJb C a^^Li Axav Q. «lapl^ ^Ab f ^ 3 j ""* ? gr— 1 !i i 

Aj^JLtdl 

X c = -1/(2ji/C) = -(271/0"' ~ - (6.2832/2)-' 
tit Ajl /"JO .(jiF) itjtijj^Atj (MHz) y ^ tJulL ii ^Jt OtS^ til l g ... fli 4 « .., ^al l JaT 
o'i.} y . Jl j/Lp lOajI Aiu-^aji ^j.Jai.* .£ Jar 0 jOL* ^ fclj^l A***jl C)j& 01 iij — lit O' ^ 

il jli yJJ .1 Uut ts y V ui j&j i(mF) ^ jli ,/J.tj (kHz) y y> ^JL — 53b « jj — ait 

# ^ <* * * 

3 J-iF 1,000 ^^j - 4 b^L*^ (j^Lai^w# u,^- L* Ij^b a*-^ iljlj o] ,l*LaP L«wi>ci**w* 

^ liJl 3 ^ yb j*Jsdi 

f jli) Xq C^C^j AjI 4 d-M ^P Aj y. w il A Ipball J 

. j'a*^x ll jl ^xJl b*JLP aJLJI AjLA^ t 3 >t; 

.j-i-di ^ Ajcdl <^1 ^51 jup aJu3I ajI£*>U 3 =>x ^^ ^-b* jts^j C* — U — S”* 3 ?^ — * 

f> 

O-bi Ax^dl 0 ^bi>dLi (9 1 ^) yl . Ax-dl ^A ^ J & I ^A b^**^P aJLwwJI Xq ^ 1 1 « «^Lhj 

(7-15) U-i4 

aIpULi ^jb l* .MHz 1.00 >xp |j,F 0.00100 a i ^- 3 uii^* 

(7-15) > 

^ijlij^SLib 0iA£- obUl 0 3 bJb .^'-Ap^t u^J^J ** 4-^2 5' 

yj* builj (^IjUll 3 ty* 3 j1a JA t\j>r\) 

X c = -1/(6.2832 x 1.00 x 0.00100) = -1/(0.0062832) = -159 ft 

flljt Aj^Aj A^JLi* obUl OS/ A^bfc A ?*>b j — j jJLllb ^ J «Jl 1 A * c--j j Aj 3 j ^ 



uJjUit jLsll Jj*- JU jit : J-AflJt 


JJj^D ji 4jiuo]t Aju^I 



ibjiuJI 4Jc.\&\ 

il l ■ 

. l_i1LuJ1 \ uii^c j iAjILJI AjljuJI Lum^c. 4jjxj-kJI aJc-UaII l-ujj! uj :(9“15) JS-mJI 

(8-15) *1— 

^ t \a . v^l lil $ ^jLvdjt ^1 jj^dl 131 aXpLaII j j^.' * n 

?dc -XjJrl 

(8-15) J» 

(J ji-s^ ^lp tAju^ai^ J jUpty c~> bl 14 JU-I aJu* 3 

J jij *^i ! i_ii$lilj dc <ijUaj (J-a’J <j-* c-^-i N tAAjii-! <J .A3 ^4 jjP yL^> 

."sJLJl SjU^t tU^dl <_iUu»ty ^ J ^jUJj tLbr Sj^T SJL. 5^_» cu>b 5 L^Uil Jl" 

,4^-^ii* dc ojb jl ul ^ >— ■ .-Li* 

(9~ 15) 4ilufa« 

L. .MHz 10.0 jj jdl jilp ^jl —100 t^jL— J ilpli* L)l ( j4» ^1 

(9-15) Ja. 

o<XJi l.ijl C 4^-J jL£^| c4*_../ill (J 5 jl-^p'yi 4 j L . 1 w. l l dip (jj 1 - 

:ibUll 

-100 = -(6.2832 X 10.0 X Q ' 


1 = (628.32 x 10.0 x Q 


:-100 ^ jv— -id Li 



OLijy^J^flj t<U~JaJiilj :;jUll uUl 


:C 4a~JL C? 

C = (628.32 x 10.0) -1 
= 6283. 2' 1 

a— 4 JNI 4 ) 2 ^ 1 ^ C — 1/6283.2 y~*JiJl 3*L*p fJ yt-L y .dji-S^ 4 J oJ — b J — >■ oJL 

jU y^JliL Sa-JI aJLa y JflivJ cjJ y Lull ^ yil jt U. .C = 0.00015915 ^ 

.C = 0.000159 jiF Jl ^ >dL y 0 L~Jl ki* j ^u)i 0* ^ .C = 0.00015915 pF UJ 

.(1 pF - 0.000001 pF 01 J~jS) .C= 159 pF 01 J y 01 Ly»t 0 JLS 0 : 

x * * « •* 

4— jaj yt-Jl 4lplill 3 djjij vy ^LU 4j jA— Jl 4-LpIaII JaIaJI JLLP ol)L*3-l f.lj_-^?rl 0] 

OJJLp t^Ul . Ojy^J' 0ly-NI y 2 ** 3 ^IJLP-Sfl 0JJJJ_} c<— j jiiil JaIaJI OJOIp cjjfy — 

01 — *bil jS* Ol^il 3 L^av^j jl 4 JLJI c^ljLiVl d jjt Jb®l J^«»Jl ja . 4 JL-JI oljLi^l 3yL 

4ipUil 01 4 JL-JI djLi^l 0 *)l 3 Jl JaJl -JLip 4aLa c^ljLi*)|l dJ_ 

.4— jaj y^ C-^J j 4 j ja^ 


rc & ji***Jt ^jj y Jaiijii 

* , , * * *■ * s 

4JLpLii.i jyju . 4 »*/3j ytJl 4lpljjll5^ L»U? ^U-si A7,.^ iQfl »ii^3 ) J^i? J 

. y.y? 4lpuii 4 J 2 JU U^jUlil 4 ) 3 A> 01 . 4jdt*A^-l ^i*XP^/l A— 4— jaj y-«_*jl^ 4 j jA— J l 

4lL>- 4 -JLo J^JUj ^IajS/1 4*jLJ yljLvaibi 0 l4j yc*w 4Lpli-*j <4* jLL» JL> y djb 3 

4j jlj O^V^Ltj C—^j 4 j ja— J l 4-Lplill ^Ia- 0 j ^IaO yi? J . /? I . (£ jZ*» li 

OwbiyA ^dll J tLjidi 4 ^* V jA 4^*^Ia1| .((10 — 15) RC ^ J l^.,^ '.tl L o— J 4 

<( JbA— 1^/1 ^1 jLali\lj 4 JUJI jt-j^Jl <-blyJj dLsrij 4 ^ y*» jA 4jja— Jl 4lpuil .j^jykJl dl^-lj 


01 *)l c^jSsJ j tR + JXq ^j^iJlj 4 awj 4 ^Jl 4 jJJaJ1 oIaJUJ. 1 ^1 djLO^l O^^- 

^JaJl 5jLi»l ^jjai— ^ lR — JXq {.OJaII uJJ-i — J ^ -A^c ^ J — ^ 

.(^J^aJI ^JbJl jl^-^1 (3 ^ ^<»>Jrl 


yiljj iJjbj cyO — 3 i*AjJl oli 4AJLkii 0 C^jl 3 JaJ J c4i 4 *jliil jl5" bl 

4jIi^J ly 1 N uJjlj y’O + 3 yo — 3 Olj 0 J-iJ Jj ./?c ^yu*j.l 3 (3 ? 0) ^iai; — ll 

4-JlSC*'Vl (J.1 y0 f.y^-1 4jbS" »li 0 L^-j>w5 01j 01jU> .3*^ — t"^l ^ — Lp y0 f-j Jrl 

.^iju'b/i 3 lIIj 3j1jJi 3 4ipbL« ^ Jl »j>-V 4>- yiii 

IJ^j C y4 ““ 0 4 j^-4a11 4ajL 0.1 0 bj <>Xq ~ —4 £2 tJ-oJj C4i 4 j yu*i 41pLL» OJj<jJ 015"" bl 

dllij -y4 ^ yr 0 4 jLS" ^1 JA liSjA IjA iRC <s y-Jl £—> J 3 ("4 ,0) ajaii — ll J-ily 

J^--Jl 3 (^y^. U j y 1 ! Js>Li) cL>^L jj j4 ~ Oj y0 — 3 -LliJl ^... . JL— <kS^*>\J 

.(10-15) 



jUsJl i J m aoJ1 



* * 

.#/, ^ j4joia]I 4-x ymyo a J W ,0 AjflJft^ CjL*iLa-a (jn.4% <J!LaJ -lalij J^IO - 15) 

* « > 

0^5"" lij (j^l c jAsoil y« $$ ^iil yil lil ,<j ZJ jLdf { j!a . m aJujJI oljlJlJl <3 c->lii^il 

.A-Jlt* A-jIj ^$ 5" AJjlp ioL* y* j ij ^ Jjlp Jj*-jJ A>S( ouii? jlj JiJjL. c- cdc -5JJ ^ 

L'jtS'yju* ,L*LC 'a A JL>- ^jc^jk JU>p j J y j£j J cUj jA J i^J J** J aJUU oUiSCil ^Jfi. JU ) JL 9r j J 

ySLJlS"" JiU Juv jj . LSLyi s\^$ ^JxJuJ LiSf djJu^a aj yc** aIpIjL* a*jIj yjS-Jl jj; 11 

.aJIjl* i?U; ^ y 4 - Oj 7 O - 3 d\ .ac <3 ^aJl 

j ^ # 

tJ^C/ JO aLP'LaIiI j iXj . c^Ia*** ^ « Q <._ ^ < a» c «3 Xc ^ J ~~^ ‘■^ 

.(yi*aJl y« eol ^i^l) Xq AaJL-' jUsti ^UJl iJ> yJl ^-«-u .AiUsuaj jl j£\ <ot)y Xq A^- i ^ JcJ 

»(^RC l£yU«J j (3 jl ^ Xq AaJLw>> d^ljj < j/a.j A.^- L,.;** JJ 

d*i-A (3 ji>- c^^LwwJ.1 dJbpu Aj aIpuii ia<^ ~*m c ^ iJi 

. IA Aa^S^Lo* AjJ L c-»L>w* *iULc ^Jl ^jA c^Lp^kJr jl Ol^>«-sAv? aJL^-I 


RLC ^uLo-JI 

ij-A j ^</3 \*m a>jLa1i ka y jb ^ytp Aj jjc-Ji j <wij aIpLaIi y^Lc a«<l5T u jij 

. AaJLJJ J^lT J>lp eJm yJ clfs Oxj ^-4 cX L ci? 0^1 c^LoivJl ^Ji 

fiX ^jluull Ut^i 

Ajl .AAjLta*Jl OjI Jaa Jl A<*^flj y>*Jlll Alpliil j fi A^Uil yU«Jkl ^ \ i jl J 5"4j 

^ A^jUilj AjLJL^* y^-*io .AjwLflJtll j A*»oi.) U 





.4jAa*J| ilap^fl {£ y«*~ -* 3 ^jjLb*Sfl ^* a 01 iS A*~. — Ai j. . ft Xq 4»*^a j 4. IpUU j 
(4a]L*) 4j ja** ji (4*jtj-«) 4^-Jaj C-ol5”" Oj oNLpLfill J^il y . 4 JU yS' 4.«. ilJ pL oL^jLall 

.U>Jl ^IjlpSII 

<3 ‘{^^l ^J^Ljl (J -S ^ a ^ -^’Ji V {^1 i02j?ry* jS* 4-JL-Jl 4**jLflll 01 £” (J-®*' ^ 

l>- 3 jL$Jrl <-J>j-vdI> 01 ^y^P. ^4-JL-* Aa j\jL» 4jl ^lp 4jjUaJlfT tdc £* ^J^bcJl 4 oNLL-1 (J&H 
3 4^Lp ^J5v-siu 4-JU jS' OyLflll 0 jS^J . a jiitL* 4JU*-* J? j j-i 4 JU 41*jlJL* JIT j ^ y>0 

.(11-15) J^-JLjl j OiJSj (aIpU* - OjU^) (SjZ^Jt <^Jl+oJ 


UaA 4JUfl ^ 

^aS, . 4 JL- x c aIp Uii jL ip! s-r- J^- J-Jail a Jp ONI cJUa>* a — 5 jj_^J 01 c. £ 

* ^ 

U Lfta>rl J ciOLwOl il«XP jl ^J., - 4>~ 3 A"l 4«Qa ■— j j>*l)l 4_ IpLaII jj! J-I 0 \ *1 

aaU^l! Jvaj a^p oUl jr Sll Oa_^ .%Jl - oL^^iT*' ouLiCil .j .4_^UU 

.oUi^Iiy 

^■ O^X j . 4-j LAN 4^?r^* p_J 4 jA^aJlj 1 j j jA 4 4^j L^ N 4-JL^ 41p1j5l11 j-** of o-^- 

Ji\ 3 calOaj o^LawOI . 4a1jp alapo" oj^LpLaII L*jla 0 j — ^Jii^Ll 

y* J . il .dc 4^^Li* ^p y lak£ iJbu sc 4 jLpIjL» ^Jjuio laJ .O^Liil ^a^-<Lp 4 kJL«^«Jl1 

,A" C Ai aIpULI J A" l ^lj ^ xll <1 pU1I ^ ?AT dl& ^ ‘.X j* <1pU1U ^ 1 

AjuLaaI] ^^bLudt JjulB 

<wJL* js> ^4,a>- ^jlp ^1 /? Oj^j jf 4 R + y’Af ^-La*31 ^juJLj A^jb? ^1 ^J-iC 

4x-its^ ^1 RX <_$ i_ * a i^< 3 ^LaaS^ pa^S^ ^lapl ^ap (^1 X O^^j 01 ^.... i xa,y 

.huUll 4 aJ* b aa^*)I l qjl& ^a; .(yO + 0) laAl 3 L^^La J^Laj 

R O^L) j c.^aaUaa* 4 LjU X laj .1 KA bPjju jl X jl R jj£i Aju La- 1 I ^ bca jJcj C-A- 5^ j£ 

i? ^io 13^ .L-Oul J j}&\ ^buiJl £-?*,&> 4j>S^l X l c->s-*-^lj LjU i? lil .^LtaJl J^ia 3 Ua^ 

3 ^ + JX ^1 AjaiJlj ^3 ,4-Jlj J^l ^bcaJl ^-y^aj 4(AaJL*) jS~ 1 Xq LjU 

J^LiiJl oa& aL^l /^Ssa. .4jLp\jally ojLaII jj£~ ^^1p aa^I^II J^LiJl ^yjl 4 ^ mJ^I 

4^U L»ljj aISLw* jjl^- 1 ol*-ai~Ai ^JaLij cL-^: j Afj R j jL^i 3i ^ + yA^ ijaiJl ^ 4^,4:.*. a 

,4iliiP Js>Uj Sap (11-15) J^LiJl .L^ 

j' jf jUJl J uv^Jl Ao i? Jiia Ua^ J^UJb 0^1 ^3 

^yp j?aj . apj^u oLftjj jLlj—aj /? + jX cMyO + 0 ^ <3^^^ ^UaJlj R + jX aI sa OI <Jaa^ 1 — * 

.p jlall 3 4jLpIaL1j o^LaJl! L*ajp 4xjL«Jkl j*ju a*aX 



i jJ» P JmAa)1 



,RX <_£ jl^o-all l Ju^Q Inlflu aIaa^q aJ.W «a Aj^flC. OlxjLa^Q 1^11 — 15) 

AxJIaaI] AAUxJt 

^ tjy*-* U l) jl jl^^r 01 l)L>-^1 ^ ^ <* 

• — 600 j ^ jl — 8 o j-*a^ o L» j>t Q a i 4*>te * 

*up j^jcJl! ^^jLr] ^jUj *b>-\ j ^ jlp *u j jxls^ai! <_a-S^ 

. j-*SH tJli jbl jpt 

— 8 O j-^2 Ji OU tAi .43 ^*3 <L*ji oljubf li> (J,l L* »jl jw. J 4 J 

4-J j5 jl 4 jjL-> 4jJUlP AjuUj:. 4.^.^ yg/« ^ jl — 600 Jlii Ojbj 4/0 + 8 4j-^-AP 4A)ljf 4 J ^ ji 





it 

l^i^iLi cAxjL«A1 f' l*->» J J& 01— >-Sfl *-i (3 0_^*XjLgiJ d->J^>iJj cAl— Jl JO + 600 

* s' * f "* _ , * * 

b Jsb Jx*Su 'M O^JbO' cJli cU. Jail aJl* "JUjUll” ajub cJ~l£ bl ."f j jl" ^ b-*-* bJLP 

c£ eJwaj (j ^^)a*** J^iaJ 'y iAP Oj^j 01 ( j^C 

jf 7O + 8 ^JLiJl 4*0^1 Jl S^-iuUp AxiU Lj ^ lil "Z = 8 ft" SjUJl J&—J of f> -&i 
<3 £W ^ja ^iJJi 01 . olj— >-j 8 aJj— 1 ? {£y **~ — ll 4-Jwa — 5 (3 — o ^f jl 78 — 0 jl 78 + 0 

Z — 8 12 w»b Sjili^til 4 jwLi«Jl c^UjUkil {j* b 1 jjlp Jbrl^i» 01 ^ .( 12 — 15 ) ( J 5 s»t _ ll 

( 10 - 15 ) <Lm* 

.Z = 10 Q lilUll LfuJ AjaJbai AjJLap 0 >t*Jt£ ^S~il 

*L 



j»jl 8 A ajLoa] ■‘UU-vall <_£uj 4jijujf I (12 — 15) (j£*uJl 



cOjUsil jUJt J : jJLp 


(10-15) AJL- J*. 

( j 2 *-^ t/*J yiO — Oj 17O + 10j t/10 + 0 :a?%‘ ^PAj 0^ J4— — !' j — * 

.(Jjjlll ^lp C43 c5i 

+ 6 2 Aj^f £t*>W? .10:8:6 Ap'^L^I L,. ^ ! l!. -y£ AjjljJl pjlj ctil* jl ^j 

+ 8j t/8 — 6j c/8 + 6 L^-d j jl tcilJdJ (Ia^AaJJ cL>jjplLi aj ^] aj t£l) ,10 2 — 8 2 
jl 10 aj jL~* Ailkll l^J ajJLap oUjbr Ji*i ./6 - 8j c/6 

4^*J^I a15\JLj JL>-I j ^JLP il^jj -CP A-v^lji-l AjJLflxJl AjuL^JJ .iljLiP! (*-^ (1 li] 

jlj l A3 ol* jUL* lil dJ-ta jj .A^lfi’LaJ <S*>LkjL{ j jjJj>«Jj (j\*xJLL$lJ jt> y£>\ j&^,\ /-s^^l {jA 

* t 

A^a, ig^ijit — Z /i> aJ-pLaj ^ c1aL*jL£ ^j^p oIp j^xJLLfrll <Lj*Xp>ll j*x .yw* a-1pLaJI / A^Lw>ti]i /^*l^*Jl 

^lp L« Jj>- (J,i oUi JLoJUj $ Ajutj /J J A^i»r_:ll AjuLall I jp Ja^- . AjoJj jll ~ Z jl 

. iL*jlJLll jtxJLoJl ji Zjj+iaJi <a jLzlb jL>^l ^jA*j (j aIpLaII aJIjM A*jL«Jwl ^pOJ .j^J^dl 

Cjli-OL^- d«*x /T . ap yjA aJU j A-jj^ yX^Jl d*> Ijta J§ Aj ^p A3 y*a — ll a /*^La 1I d^l — *j L*-Ll oj 

.Aj^xLx^I i\jyJ^\ (J AjLa^JI a-3 L* OVI L>-\5 jlaJ .a-^xAjlAI olA^Jadl (3 AxjL«Al ^ jl L^ L»lS>o 

cTeach Yourself Electricity and Electronics j %^aj j£\ IaJJla *[£\ j — ^Lc 

cdAUjy^J^lj 4^b ^il J oLl^Jl c_dS^ — iaJ j — .McGraw-Hill j — p j^Ua — Jl 

.oVUjVIj 






u Jj&y J J w>Ul 


.14^-^“ oL * ^jA *bjl (d) 

^ f j' 47 . 5 -UJl o'i ii yvaJt 4 j-U*)I 4 >uLJ.I .3 
.jO + 47 (a) 

•747 - 0 (b) 

7'47 + 0 (c) 

747 + 47 (d) 

01 (J y-AA O' i jA ^*1?..*." .y30 + 25- 0 4 jJLa*JI 4ajL*JJ ^ .4 

^ tia>- (a) 

. aj S lpUil (b) 

.AJ ^ A-* j\jL« AjuUJ (C) 

.dc jLiiL; JI4A-I (d) 

01 jJ jj>r ^45" aJ jLp ojU oii aJL^? d^U. .5 

JjUJlj aJjLa-* Ajl~J 1 ^y2Jt>u (a) 

.^Si yM AjjtJL* Ax**Jl *Xjy (b) 

yJl Oj y (c) 

■^j=J ' (d) 

y C^- j Jf L y^\ cUdil { jO± J- lJlP-Uoj' tol .6 

. Lg 7^ *> lQlp -1 Qajj (a) 

. Aju jl jtJLiC. (b) 

L4U-3 (c) 

^ >» ^ > (d) 

Ijjjaj aIpIaII 0y>^> 4 o^ j j> ** 4 dc ^4^ ^ i^ 3 1 *7 

.aOUx ajL£ V (a) 

. A-Or y* Ajli ^ (b) 


(C) 

. JLgJr^ ^ip 0 “^-®*^*-* (d) 

|lF 100 AJ ^ A*~-j f jl 30 c£jL*J AJ J^> Ao» jlfti AjJliJl AxiUil AxOt .8 

.a**uU J ykll Lu£> (a) 

.1*4 Oax £>• jlJL*\jo (b) 



e^jUsM jLJl Jy Jbjll : Jygailt 


. ju«5 " IjlL* jL^pjO (c) 

.UiLJl o^IbU ^ c?t (d) 
i pF -33 c-AiS^ ^ ac S-sby .9 

.ac i-jjbiil jL^I Jitj Jit J^-io ^JU. (a) 

.ac v jbiil jW^' j yS~t J^Liu ^jU. (b) 

.ac ^ jLdl jUi Azxilt Jjc5 N (c) 

. 20 j&\ Jju AS'j** ^Js- bUipl jt ac Axjbf * (d) 

•yO + 500 Je-iiJl i*iUl jLj .10 

.ii ^ (a) 

.43 ^5 ^2J y£ AlpUi (b) 

. 43 y& 4j yuM 41pU^ (C) 

.a j j^aaA ajb (d) 





: - 

■ •• 

.■■■■■■■ 

■ ■ '.■■ ■ 

PllfSi 

■ . 

' • ' ' 

WMS$SM 





01 dj-li ^JjLJI i mg JL^f s4?l J , .. „ .^ Jg 

y>- ^ 1 ska 0 £3 Yl -iau ^/ ^y OUa-C *X?r y k-J*L^aJl5^ 4P^J£* 

olj j C- jLp jP ® jLp 4-i 4^jJl J>l 0 <^iJl J ip tolj j 

. 4 JL 9 LJI ej> * 4_*j ^ ^lS\J *)1 t O-^lj ^^i.1 ^jp ^j,.y2 flit I-La ^ ^ Jl«CLLw «i . yjztfls ^jP«X? 

Jf 4jgjS 

ob p—n j Sjpl-iJI 0 c^5\j ^jlp p ia^Ji j n Jx*Jl j* olil 15 j 0 UJup 

* ?f12 -MXXX pl®§^ X 

n ia^Jl ja olil Ji^j . JSLJl Juij j > y J^\ ( 1 — 1 6) J^OJt £y* ji .4-U*c* i jaS\^a ...jfc 

. »» / I f ^ ^ « «* * p d^likl 1 1 ^ y ^5 |^» . i4i fl X<ii o «i 1 * Ja^ 

gL4NIj ^lax^J V 1^53 j tjt-g-Ji sl4^ tJ ,S'\ju* ®U4-\j J,liil ^jjjJl J$ oUj^SO^fl ^yJU T 

la • g l i 0^^ til ^LjlII ^1p Aa^Vaa^ 4jjUs2j ^ ^ 1 * ^ < '** | < ^ 

.((^-2-16) JSLiiJ Jail) AjjUaJ! Lr S^p jC b! jiJco ^ j ((1-2-16) jCiJl) -UvxJll 34 ^ U-* 
o^jJwXjl ^ ^idJ ji ^ L»3l ^ jjjL-t~Jl ij'yi oiJl Ji 0 0? ^ ■'■*} 

.L^iL; J jSOj jl^Ij oL4b Jii, c^JLJl JIUJi *)U 



. >JyaA J -LlJ^d 3*0 *(l — 16^ 3^*1^ 




• jUll jifi ^uSft jLaJVI (I) :( 2 - 16 ) Jidfl 

jL-all qa Llj jS 1 jUj ^-A-Iila £cjqj (l_j) 


us** iS yw=>l .igJr t(t — 2 — 1 6) <J5 p—n sJ-^j -*- — ^ 

0^ .3jjjJJ ^uJl jt) t'f'Lttyl ^JitJl '«XA ^yP-b . jd — dl J j 

(l lil .a^oJl l^L. ^ ^Jl blit J* bUiel ddij V 1 Jl V 0.3 Jlj*- j* ^uSfl 

j&r. J^Jb a jj.oJl Jij jj 4^dV' -b^Jr Jity ^yU Ljlw p-n aJv>j ,_yd j!kil b$irl j—^i 

, djjjJlj 


Xs* . oljjljaj { j& AjLp objjJlSl Oir j l^Jaju otajj.5 aJL*J ^IaJI 2> j — g_>r cJ*Lia — J 

-Lg^r t 4 -^Aj dL#“'yij p — ft ^ A^>r yi ^gip ^ ^ 

f ^ X* j' J 4 a j 4 a J-*J -ObgOjI JS 3 4 _y»b^l £^^** 5*7 j__xU 

i k ) ^lU ^XaJI Jl^?;- d\ ^r'bfb p — Yl cJ^k yg j A* 

t^L»S^ dL4\L> ^JJLJ 'b/ Li] . jk\ !Ju& Sju y p—n aL^j 0] ,yw?S^ 

. ( JJLj L«jllp dc ojUL*^ L#Lc 



Jit jjl JJUajt : ^Ljt 


jUaJVI 

J3Jsj ip ia^Ji ja o^lll Jt a— ~J b aJL* « Ja^Jt jx ibl It j j £j L*ju p ip—n a1 J 

JjJ-J jlp . jla- JSJjl> 3jj-0l J£j s.^aIaS/ 1 jL^yi Ajt .p Jt n y aJ obj^J’J 

^Jjjjt Jibj J jLtyi aJU- 3 j^Sl c£J Jo*jJl ^ d^Uii A— -Jb <L>r JA ft JsuJt ^JA olit j jSj 

, J^-io 

L tA-A>r^it A_L>»_*iJt db£b ft Jfl^Jt ^jA d^lit O-’bj^llxJl c l — ^*-^P ^^JwOt jb^-t U « P 

K» IS' 

jiiltj (/? Jo»Jl ^jx 3^ lit <j) oL> j ^^SvJ^t ^.yal . a 1*£> Jt Ui2jt lJUu caJLJI A^>wJt dl4b Jiill 

jLLz^ yi 4jtJm lJ> j-^jj t JiJt aJLU dJlft ^JUJ .aIv? jJt jt ^>r (j 3> 1 a:i^w* (£> j — * oil — It <j) 

.Lob j. J” aJjIp o^U5" jl ^b^J”” JjUS" 


^JUui 

JbJT ^ ^ j>r . J^lxit i’jj-i J cjlSSHi" p—ft aJU> J <J> j-A2 ^ L)t J Sic 

JL^- ^jA jiS ji. aJI 4jl*a ji**j ^^C . A^bi-i dJ^ ^jA d^bil— »*}U jZS'jLaJI ^P-b ^j^at >- 

^bjt US' ^xil .bjrl ibjl US’ . 3i d . w x\t Ajjjalx iJ-® jS/ ^xJl jl^-Vt 

cAP^— u iJLaiJ Ax—* JlJrt ^S" jUJl jt jjSlc .yts^i Ax— Jt C— >x— ^>t L*iS"~ j Sb a— — * \t A aja:^ j — P 

.A-JlxJt Oti^ ^lit Jt t^ y^p J^rt otjuxl AjuZa 


MM 


^pJj . JjoJb ^7 — /7 A-/3 _^lt ^ cAjliS^ IxjjJ jA -Lgji-t ^-yU J aJL>- (J -ijJ-Jt jl5" ti^ 

.jyS' jSLio t Ajaiaxjdt ^^ji-t JUP jA */ alt Lj ^5 jj^J ^xJt jLjt j xijj£ ,jLj&yi jyh jJJi 

^^tJa (J§ jLj&yi aJsjSj (3 — 16) J^-»iJt . C^t^^jwJt ^t^jl jLj&yi ~Ly?r c—aJL^: 

^oJt -A-gJr A—ja flit ^ J ^iSl ^>S^t jU^*Vt j| .^>r3 jJT Jib* owaJ JLgJrt aJ\Ju jLj 

jL>t 3 y^>r U j jSlj ^jA^bp jSljo yj j Ot^jJi ^ . jt-J^t jJb ^ ^ J jp<-5 ^-l>«JUv J . ^ *b*^t 

• dc flj-Lfljt objJ^» ^ y^>r ySU jL^-\t j+ij ot^jj^ . AAJ3 




(J t-Ljb* ijj-Jt jJJi Jx^; . A-JUt* Jjc^tj J C-~£- U&3 Jj>-tj oi4b jLSJ fjJilf Jjjjji jj *j 

•dc J! ac Jij^ 

* * * 

A— — Jb ,1a. Jt j^>j IxJUP ^jbjt twix^auJJ A— — Jb bJbx la . Jt j^^j b*JLP j b> j— » P 

^jA JJi Jit J*>bv- . il J— Jt t Jjb 3 yJ> jLi^l 3 A— »b*S/t ^IrfJt } y^r jyJU .jbjt ^ C 
JJLaj jS ~ I jJJi ^Jaib .3jjjJt Jij c JJU j ijjjJl cJwaj ^ jS"\ t^jjjJt Jajj cojj-Jt 



ill eJlJl 

#> c 

^ bUipl ac djj-5 ^ c_JLJl p— *ill jl 



yit p— iii ij jr^ .ac i jy ^ *A\j 50 <y> 

, d^lwOl (Jj ^ytwOl 4 jSJ 


JuiSlI 

^pJj . cyjLiil jLJJ (rf) c^ypl ^ y* ibL*i%A ^jjjJl ^ 

^Ii]\jj . aJL^j Ajc^ jl tNbi ^JlJuSsJI 2y$ oJ >* J . <_>L£ — £?/ jl <J>J*z 7/ 

.y^-Nl dbr^L} A>-lj »L4L| jLiJI j y»-J erf J$ f yuS ^Jaiwwo 

y\l JkLid ^ j teat whisker ^a* U. a$aJI 4jJL ol jIa^I ^ rf objo jl 

//• APj^/2/O— 4-J fij jL y*lC ^jJb iiJJL** l^y £-sbjJ ^llj tJiUl (wivlj Tck^ £- « ^Cj fiJ 

^Lc-lLaJ LubjjJb k*Ji Iaa y oli^il c3 yJ .(galena) LJl* ^a; -PbS y^> J>\ cj y T 

l5 ^' a>- (JJ) ^iS""l j yS’l zs yi\ j AJb ^Uil dl£ JL>kJ aJL/? y)l a*^ jb y3.:l AkLvoi ^ a j 

obyi y ciJ-b ( Jjl£ . C^ljiiSCo5^ e_J> s.AJl ^y* Aj C^L» y.^S' obyAll y>JU*J t (^j\ m 

.rf (J ^lJL>tl^^i 3 Ayr — 4jaiJ 

jkli 



j ' i^«L.V' ‘o' 1 

A 

\ _. 
^yoLaVl ^iall Akaj 

/ jW3V! 


/ 

II jLuM 

. (JSU L JjjJ jjaaII ^.iaA^l) :(3“16) tJifcill 


(Gunn) jb CibjjJ 

AiU lAA ( Jk wlpr JjJaJ AlP .(GaAs) A*****y / jfygJLfi' ^ ^.P'Aj y - ^y* J ^ \ »/3^ 

tJ. Gunn of International Business Machines (IBM) Jl ^ ^ c^aI'j t j 

AytyLill A^/sljA ^pJJ A-^Ui- A^»«_Jj jljiA^/1 C->A^ .yj ^AjlII l) yJl ^ y - l) d jAtlaJl 



Jil Juit : jU- 


JiUl (3^ *X»f y V ilu-L*j l*5"j t AiV —-*>0 bl»U Wjw^vI diJi .4JL—JI 

(J jLxil ^Jaas^j cjlfc il ^>fcAl l jyc» ^Jl£ £jpr Aji eJLys*- ^1 ^oill tJu& <JL*J/ <L* jUli yZj •J&> 

.AjIj ^ jaJl (J ^J^Lio ct^JL^ li UlajU-* t~lgJrl siljj; jlp ijJi 

(IMPATT) <»! ^i CjIjjjJ 

impact avalanche oLi^Jl i^y^A JJljl j* aaJ ja ~<*K ^ ("iM-pat" JaiL'j) IMPATT 

t jJtJl \jJ> AdJuj! AxJbJl s^b£Ji 11* <j loll JliJ ji js& jy* transit time 

^1 ja\j JLQj j jA (IMPATT) oil ^1 (^1 ijJi . A*JbH A*jliL*JJ AjIJL* AjI 4 )o^^Ka i\z5l v-Lj 

* 

. J..O*jl ^ jjLxJl y ^/jb 0 j^JLm-11 y A«/.yaT (_£ ^>r ^SsJ^ jlp ijjJlS" Aj Jj^oL* 

i_jji rtlb .djJLiJl AyrtJ A pO* Ajj^STil Aj jjil Jl\ oljli!>U IMPATT ijJi ^l^->«Jb>l 

Ojjj Lo jAj l ^ « m fl> A-^SsJl jbu l^jilj lii j djli) - -O.XJ b Jj p IMPATT 

.a^LLLI obi ^iil j 0U ijji 1 $>oj ^il ^-^Ll 

Aji&iit cjIj j4ii) 

i J-< O yj J Aj obi jl^IA^l ^Jl objjll y y-1 ^ jJ& yL zJf J j — jjJl 

.rf ^jA a* a ^* ^ a a JI i^j^Oi ^>ij . 

A» wjjj j^S/1 ^ * 1 ^ .Aj^^^CjLLI A?p^jkl L^«.‘^r «|(i? ■» «A*?f A.k A ilJl i_ ^li^J-Ajl ^|aAJ 

c^l Jb^il J Ji AjLjuiaJl ol jbi-^1 olu- Jbj7 ^Jl j c(GaAs) -iO' jT f jJU)l ij&*\ ^ 
* * « 

Aju»— J <^11 j^LmaJ 1 ^jSliu) .obi ^l)l ^ U— 1 j ^Ijbi} Jb^-^l v* >• y 

JiSd Jpi-i i J^r j *AJIP hi-fi Ji £->*-** j 

.(J^aiSf! y> 

(IREDsj LEDs) f I j^aJI uaj AxmV) oIjjjJj AujJsJt cjljjjill 

(^1 ^ jA O^*- til’ll (J ^^>0-11 (J^lj^l OLyaj^f ^^i-Ul bL^ — pi 

jjjjJJ [frjyA abr^llj jbj c(IR) c-1 ^r^ll Ax-*^S/1 ^bj| tO 

.AjaJLb^ jljJl dJju A^j-^aJl Ob^jll ji y ^ ^S> Ji\ ^Js> c^lL-Jl ^ft (LED) {■ j+&JJ i^~£-Uf 
a*^jI>1 c-a*aU J^i^l 4^tja Jl^ipL 3iU? (IRED) <o>^ iS^&LJl i 

.(NIR) a ^ yJi o>^ ^^S/l ^ ^al 

oiLjj ibjj ,^L*S/1 jUxll { Js^ U jl>- jj IRED jl LED ^ AiliaJl jl-A-^J «JLi JuoJ 

LED Jll .£^]a~Jl (j 5ihj (_^1 ilLft 0 j^j ^ c^Ujj^L jLill ^o-l bl .a u*-« aJoa) tjL Jl 

LJ>j aJL- j aj! Ujlp IRED j! 





p_n 5JU> y. IRED _j' LED j£i y* <.«jjjJJl lyA ^jJl jj—J 01 

* Z> * * * « j ' 

.Lil5" jUJ' 01 Js> <Jajl JL* 4~~Js? L>rl ja\ jjJ jJLsOJ . J d rw ^ 

|»Jajc4 1^0 ^Jl aJsljI ^ il jjP 4 jjUL* ^lil c4-J ill £ 7 1 j_— *S/I ^ 

. aJL^-I g ^jJLS A^iill ®^gj>s-Sfl^ g y*& U dobjjjJi 

L4| iLg-jip j^xil j^Jl 6illl Uaja^ (4"~16) £t — O’jo 

^l*Jl jblll iS.~+£ aUjl^jl djl j^-\ i^Jcu j*t&*i Iva jI 4^ j^iJl 6*i-A *frbJl ^>»Lw«»i <u-ij 

* * 
jLiA!^ IjI yLl 0^^-> ,Yl ^jA o ill! 4j*]aJL} 4 JLL 41 LI olotgjjl J Uy JL>r Jj j Ijl ?r 

*■ * * 

Ajt-i'Vl jiLlj . g ^aJL! blS"* ^ ^a ^JblJiil ©1 J>\ ^ ^ . Lj j2? g yja]S 4«»**^Lp (y** 

* 

XSy* a^£ L*Jl «T ^il l^j JL>s- 1 yj ^Jl y <lajl j±\ 

A^jSJLyJt 4ajj*2aJt (lit 4 jjilt 

j^rLi-l c 31 ^>-1 Lg-J ^ll g ^vaJl aJLj jjaj c < — iLLjo (jjdjLv^ (j 3 J^*^***^ ijjjJi 

J&b <ul j ^L/O// J^LiJ ^Jl p Ja^Jl J-* ©ill! J -k*Jl j — • ©jl — Ll ^ — > 

^ dL^-^lj jl^rl ^Js> -L^Jrl .gl ^-*^“1 C^- 4jui^/l clobjj^ jf 4-J dob^j jJJ 

J y jl IR gl 4jui S/ 1 jl jll g ^«,«g)l 4jtJi( I (j j+£~ b J lIp jLJI jjijjj . 4 j^Ip 0j j^a,> jLijl 

- ^ 

c^bjjJill 01 . ^jJL>- AilJaJl ©JLi* ^a b Jb jbill ,p — n 4 J 1 — *&y>\ (UV) a*^*a. — aiJl 


,<S Jl^ls» I ^ jr^S/l Jl^i?l ^-^b*o- j£\ aJj^\ 

+ dc 


P JaAlill y* ajLo 


Aj\^ \ll Sl^ 



n (JA dJb 


E>B 



mm 


BH8 

pgfl 


1 


Sjl^pJI AajjjlIII 


- dc 


.^jjilSl JjjoHj Ljajl C_i^)JLJj t^jAaJl jjjll ^bIvAa ^jujj j( 4 ~ 16 ) 






Jil Juajt : jls, ^LJ\ J-Aftil 


t ^ j-^ajl ijjjJl 3 aJL^s Aj^axLI oJLJmJ! AflJaJl ji L*U * ■ P 

i-J ^jaJi dljLi<*)fl jLjd-V o J La* 4.J ^^JL—Jl 4 -j d>l^^*jJl .O^LJLiJl oJLa ^J-l j\^J ^l»ij 

.^M g.U<xflJl 3 ajjjJJI oVUajVI p-Aajj ^j-*aJl <— 2 lJL 31 <3 £^jJl (J L*-^ aJjuII — 

iLwmU fl^Lj^Jl Allv^ j *i - ""J A*i\j*Jl 3 lJ j > ^ i J <il d^lj^__j ^ot* . .Jl 

J* -i 

. Jj^il f. j-iail jlflJrl j* { jjaJ&Ljj 


(PV) A^>ij*Sll \pjJi 

jl IR /jA 23 IS" 5iU? C-^4ajjl \$\ .^a;* dc -J y> Aj y\ ^Ja — *j *-Jal..». — J 

< J-«^ t-X^* jZ'&b dAta ^ A-^UM p—fl UV jl £j 


.A~ 


dJJi -bjj .((5 — 16) J^Jl) * (PV) b^J^f <j p—fl aJ-^JI jja— ' A?-l~^» dj^j 

A-ii-l gZJ .p Jsl%jJI oli bill /jA i&J JI <U-JaJl j&- Ujj jA Jju aJL*? J\j 4-Jaj _Jl AjUaJl A* — *iT ^ — * 

j V L*jlp c^i) J *- *>Ul d^- o j * Lil Ajtil 3 L,^' V dc 0.6 o-^l Jl aj ^JL-J l 

a^JLj PV aJj>- ^U-r. -7 ^jji jLjJI ^3a*3l a**^JI JLdn j .(tg-^* IjLJ y>w«j jLg-?r ^L 2J j — 

.p~n 21^3 Jl ^rla.* 2j>-Lwi ( JLp 

A_iii*j* CjL*Ic-J 



O + dc 


O - dc 


/ 

A-jj^w <ft Aaj^ii 

.(PF) AjjjjJ»j$£ <A^1 I nw i u f+M j :(5-16) Jiitt 

aJIJ-I o^I^ A;j ^ j&'y I a y^>r S/ 1 ^ y*^ ^jij aJLmL m j a*) ^^3m3I P'V” J -.^ 

♦ 4 »*m^a— JZsJ/ A^jUi Ij^iL-l ^jA .A^wi^iJl OjJLdJlj aJ^»J^I d^lj^^J^I JlS" aJL^JI 

12 jl 9 jl 6 A^^-i^dil d< K*zJf 4 j j (Jz+Ji . J^*JLb««iil J L»jl*p Lj^j^-I ^ ^ ^ ~ 



J <_AJl 


# 

-i^*r Oli ^Lp W^***^* ^ aJ^/3j 1| PV b^->- I jl ^jcLL«-L« ^jCS’ y*£: ^J-v^J « P .V d.C 

<jt^j a jIj J . jLxil ^y* Ju^il p-JL*J yip SytS A«.«>.»JtJl Aj jUa-Jl ^waJ ^SvJ j otaj — j ^ 1 

a jj& 0 0 ■ j>- ^Jlp aJ ^ jkl L^Ai^-l y£~ yJl cjLp ^-Lp ^ ^ Ij^— L? jl* ill ^JLv>w < 

yiJl ^JLp AJj*s>y OU yJr\ 

( 1 - 16 ) < 1 — 

?V-13.8 W *Li^ l^lsA ^Jl PV l£U j-Ap y> U 

( 1 - 16 ) J* 

ij /JL- PV U* jr gsf .3^1 jj ^ J-JLdl tJ _lp PV 1 — £h>- J — * j <- — 4 
jt 13.8/0.6 J^J ^ ivi a^U* dc V 13.8 J^^JJ j jJUJd .L >' V dc 0.6 

. j-JLJi j* pv a*. 23 


AiJial ) <yU$ jjiuijDjiD 

v^JJJu ^Liil cf^- • ^ £* OLlJ y& ja p—Yl ^ — «/? j £ — -.itA// £ — /k* ^ y'fyB 

{jA lJ¥. n ^jA Ajub y tn l a *d l y uv^ja Ju P Ja^Jl JA AjLi> :j^i j — iaJl 

.p Jfl-*J! 


PNPj NPN 


olUa^il (j a J L u J ^j^l~ 1I y ^)lj wp/i jj~* y(r^ I — ** j (6-16) J>^ — Jl j*- — «^y 

yh n ^y jSUil cJwaJ j .SJLetiJl <.£ ^ii jl p y* AjUaJl — J • A- — IsuJa^tJl 

jL?-S/l yju (J oQaja>«ll (J .^y^S/l ^Idl cJwaj ^ Oj — o£~&L — tf 

pnp jjz^jJtydJti I .(cuplJi yfc yg-J') Wl yj jA — i j — ‘Cj L ^J ‘B jy j — ^ 

.n JA Aijail ^yb»r aJLIs J5^ C^>- cp y» ui 1 *^ (( 3 )j (^) — »Sf^) 

. J^ioJl Jl /?«/? /j /j j A> ^i J Jl yj j (H-J' 

0 

iujai yh U^j Jup- jJl j yiJ' oLf* jUiJ U j^-p «/?«j pnp oi jy — ^ y — j 

^*^*11 j pnp «p« jLfss- JiJUi^-l o Uja ill j jSCjc .ol jLJl oUUIj ^ j — $Jrl 

C-J^ li] OjlJlJl j*JL*~S*aj CdjU-Sj! A^Ja3 


ij jl rf oU>c^L* J$ L^Jaxj .A-JaiJl AjJUj cJ\jy*A ji\ y)l y* diJx: * £jj — jl wL>rj — J 

aJUJI SjJlaJI aJtLjw ^Jai^o . (af) oc^Jl ob: yll J$ a ^- y y-^/l L^ajuj ^oly^il 

ylt a jU*l l +m I ^ ^ < */2^j thl — fi < /3 *1 ^1 Aj^jil^Jl Jl «A » p 

^UvaJ .o^juil olox^a« ijj c j yj^L^Ji A-ajL*JI oLs >,^ ll Jj cA jLx^ a — Jl cfji^j Jl 

.ojLi^l aJ^IjcL A?r yA y-'bll ^(^’1 y) i Jj«Ji-j L^aju 



JSl Ji )1 J>Uii : jJL* 





j» j npn *(6~16) 

.(*i) pnp Jjloijpl J^i ^ kj l rv\1 Jy» j 4^) pnp j3l <^jJ>*-aJ 


NPN jUJI 

0i< pLJ' l ) j^j . jiS"3 LjJL^ *.1 . pUI O^^j O' jL^-'y l l <lSj ^ iaJl 

t t- ^ * * * * 

.dc S -)g^ ^ Ji cylyajl ^ Lj y jl I yiv> to'yUO pja** <J 

.Li >- V 50 Ji V 3 o> j*Jrl c y JS .AijU J-^y (7-16) j£oJ' 

E b a] y ji c oJ-pIaJ' j\^£\ ^JLp jy**>y \ jxll (Jj jLwdi ^J3 Aj 0*y o~IpIaU ^LJuj 

. Vq Eq aJ j^ji — C^pL) jL^-l J-$^r A^«j V B 

gjL uai) jbaJVi 

L^^<k5^ O^^j L*.Ajlp a ] y 0wLpIa]I 0 'y L^Jjp c£y 4+dl yL^- V/ jy+j* y\ jill C)j ^J 

01 <Lk-i tS$ jLj l£^/ 0^^- ^ -L \jj* <l~£- .c-pLH 0 j — LjL~ — a 

. ^US/' jtliJl <JLp ^U'yi j\J^\ ( /^\j ^ iil p — yi aJ — ^ j \ — p j 

. V 0.3 j* jOL* yA] wi^j>r O^Soj cV 0.6 jtiaJt x^r OjSLi 0 j^SLL — U 
j>P E—B aJL/ 3 jjl 0 j d yup (E-B) o-LpU— tO-Plj jLj i£\ n£jjL i a]\ jL^'yi <3 I B jLd' 

0 01 ‘(^L 5 jiOti! oJpLiJ! (J ®jLil ^1 lil ^<»j>t«i.i 3 jL^' 0JJ3 kS„ .aJ — yA 

wLgj*- ^S' <._.JilLl A-JLS^ O^sj O' j c^JiSl' (_ 5 ^ <0^ f '^r* r <^s>r y* o-L®> 4. .Ja , » 

Cx* * } ** ^ E—B aL^jJ ^l/yi 








jLjLit A ja aJi ^ l y S-Xp 15 ^1 j^-l aj jllaj ^ A— jt ^J° j * * ' 

> 

Ipo . L~Sjp E—B &p j jL^-'y oju jl^-I aj jUaJl <si> 3iU*l .c~pL1J a--^^ 

,E—B aJL*pj <Jlp J»gj>r oli C.-a.*a J oJjjJrl 4jjUaJl a^ift jl ^Jp JJL) 

+ 

^1aJ| -X ^ >r ^ip iwJjcdUj *w ■«.*» L) Aj jl]aj U^Pr ^ip l—' 1*« W djLil ^n„ tf> ~ v_ . 

4jL/? jJt ^J-illJ AjliS^ A*ij jA AjjUaJl dJA A-j >r jil 0 j£o 01 <- r A ^E~B aJL^> jJ ^ *L «Vl 

* 

.L$JU£j djjjJi 3 b'jJaA* ijjjJl ^ij *® Or 4 3 E—B 


jUauVt 

i>Jbljl*j 4 .,^3 3>cJw< Ob y~~S. Lblj tiO-pLli A*— jJb LjL^| 5 jl>*_L* jjl 3-Xpbl jf ^Jp jj\ 

-j^ ^ aJ> ^ ^ ca J * 1 ^ air b i •v't'to ji^yt aj\ .L^jo; 

. jLJI JJLj it—/? aJU? jjl Oli J^ps- J^Jrl L«JUp 

c(£-C) (J^pbj jLJ j£ aJI **yj tL - +&£• (B — C) a-XpLi aJL >pj jL^-1 j*-^ j-^ ^ — Lp 

3 a * p 1 1 ojLjJl s_. <«»«> ,E — B aJLa^^ ^jJLj Ujup c/^ aJ j*jL$ _j 4*^ jbili Iaa ^pUj 

AjM ,/ c jLOl <3 obj t/ B dJpUJl jLj 3 ®jyws> s^bjj Afiil td-XpUJi 3 A-Pr jil A- JaiJl ob 

. * ‘ > r -* P i 4*rba - *a!^j j A A i I Lj ^ *)f? « apwJ Ij4' 


eovi 

4 ( 

IjjpO APj-~j La Jjp /^, jLjiil aJsju Ji ajL^JI 3 ^LajjI j^-i— «i 

aJjLp ( 8 — 1 6 ) 3 f** ^ /g aJV-Xj / c — jb 



Jil >Jl JUail : 


* 

i! jA\ ^y ^Lp 4-lwjiJl ^*aJ| .a^JaaII ^Jbj J y — ** y\ y ^yifi ^ , ,j>- 

jy**y\ y}\ .Aj <LJL»jai\ djL«£*')[l <l^\jy**y\ y ^5 j ApUal*^^! jji^j aJI 

^Lp aJjJj j^Lwnjil JLftjjj JpjjJui\ oJj* c—^- .c->Li>fciil ^ jJL _~ — j L*Jj — p P L — *£/ a__JL>- 3 
j J-*aiJl) ^JjJLiJl cJ>lJl*Sf ^Jalw>o 4 ^-^nJj .aJUaj C->ijL5*'yi 

jWj 

£^J 

'c 



PNP jUul 

L«*S"” ^npn jy^y^y^^ j* *jy^ {j ^ pwp jy**y^ y^ aJI>- l) j — 

aJ\-^ AA.lail djLi'yi A,»;Jg ♦ l)j^j (jt • Oijj-* Aj;!^^ .(9-16) 

.^-5 jii £Jl ii ^ jlp cjwu jut 

jlJ j d jyLvaii ol j^ja )l ."jU pnp ji npn jjjy^y\ yi\ ^ <j\ ol j — £Lc 

* * 

^ ■ ^>- ^jA a aJ- 3 .<.L! JLUj (3 jL^rl (J$ ® o L Lu) /g oJ, plJLil 

«» 

ti npn j Lpr £* AjjU* pnp jLpr J Ub£ ^^UJl c£j^ U-lj .jU^/I OjJLi JJJ jj £L> 

( / ( 

.C^LM ^ lj»«< <j caJ^jJI 3 ULliai* a*>tjUA“I cJ^^a y6\ f.1^1 j^Ssj 



C*Lij tit .« JaitU j :^UJl ^Ul 



•pnp jjlijj jjl jail jljAjVl :( 9 ~ 16 ) JiiD 



^ * e» ^ y > 

/ c jLlil (j j^»5" ^**x) /q (J ^ U J ^4^* ^1 J 

5jLi*^ jLj <_£l £-» JL£ L* 4j*^Jb 1 Jl$ 5"" <_£X* ( j^JT ,l> fcf >w5 jL^^l L*JL — P 


OSL-lt jUJl ^2a2 

jiii <u^)ax)l ^jLu j_^*«* , ^l <3 l£*^ jlxill «sA ) ^p J-> 

^1 5JL ^JaJl ^ip tat»JPl lLD^J tol jil o\jU (Jj ol j* £-*aj aJlj ^r 4 ^jl^j 31 U — — si 

^jp ji-jcJi (j J& (S-Xs>-\ ^S\*Jl jLdf <Jj 4~~J jy*3 — j 1 — 4 l£j — ^ 

;oJlpU]I jLj ^1 jLj Jjuj .H ¥E yA jj iS^j jy~* y\ 

^FE ~ /c/^B 

H ¥E — OU A^yjiJlj onA 35 6j\Xia I c {Ls*!* jLj mA 1 ®j1aJL« / b Sjpli jlJ ^ijt 131 — - 

>H ¥E = 35/0.5 = 70 0U ,I C = 35 mAj I B = 0.5 mA OlT bl .35/1 = 35 


ySj*Ujll\ jlull ^Uaj 

ji^vaJl -bl^xil J j^Jl ^1 Iq jl-^1 Jj <3 4 *m*j jLjJl |Va?u4) 

jUai>-l l3^J111 ^ja .jLJl £y jj U^2j! ju ^ JJlj (,^S^»LjjJf jLdt 4j| ,4^vijf (_^JDl I B jLill £ 
(.i^ju ydl iJli .Lai J tiil o!jU*3l (3 (A) c-jL35^ 

A/ c /A/ b = jU! 

#» *> 

0^3 .Ijl-V^-i I^wUjP ^Lc L* j>S** 1 A/ c /A/ b 4^**jJl 



Jit jii\ ciUit \jis- J^aalt 


^iJLL 3 - 11 0?^' Or 4 ^ j A/ c /AI b v-J' 

U ^ ji OjSsj jj^w* j- 4 j^Lil pjJrt <J jy*y 1 ylt (J? ljuzj j j — £j L»jj — p 

j y *» jjl yil 01 .// FE jj-* 4 *j y A^ki ©j-fc 0[ .oyx +0 j>-UJl ©jLi I o~*b L* 

oJtA <j k>- ^jp OjLp yajL^J-l ^*£>0 jSf tiJUij 4 j y jpjJl ©jlOj U ^ |1 bj ^ k>- 

4 j>--bl ©jLi^ ^ll j^oU <3*k 4>*-wyJ ^r ybl OjL-5^ CgS^ <j1 . 4©k*Ll 

. j^-uJl Ajt^si ^jA ybl a*** (Jl ^Lkii^L j 

Q.-A . J 4 jLlll £Jj ( j^A>*Sj 4y 2j\^aj^-\ y>0 ^jA .i:^ll yS' ^ ,«,*oaJl jl J.Jui^jl a}oj6 4j>-1j1 i yr«X 

jl J jlv-jJl yll ©iLJjJ 4 jL©S^ 4j y j>-UJl ©jLS»j 0 *J IT lij 4^-jjj p^JiJl 01 .^k>" y^^-A Li 

.© jLi^l © jy y 4 pj>- c^1 s-UjI j- 4 ^^k^-tAjl p 

Jjjill jujll 

( jjP OIjjju OIjjLp Uj*- y , A t *]aa\\ j y*- y\ y i£\ { J OJJij ©jb^l ii y oilj Jj jl ^yai>0 

.ii ylf aJ’VJj J\ 

*J jUl ^ j ^sa> ii y!' y* <f T \ jUa^-lj t(gain bandwidth product) Jl4l d\ 

Oj^Jj ^jLj jejj jy^yi yJJ <ol 4AjA>- ciite oj >( ^>jSflj c^pUI y (1) o^>~ yi LjjL« — * 

52 yjl /a// yJajJi 55 j jl . aJ 1J> i? J CJlS" ^J jy>“ C^J^-jJl jU 4JU-J 4A)Ua-4 ^ jLJ 4j» 

(^k^J .(1,000 Hz) 1kHz yll ^up o»J ^ (aJLLU 70.7 <j\) 0.707 jU' pj v 
jy^jjl yjl t ^k^ v j \ cU3l ^JaiJl jJ obi y!l jup jLJ oUs^*^ oljy— jjl yll 

.(gain bandwidth product) J*j* £>j ^ J ^ ^ f^LS J-^Jl 

(2~16) AJLula 

1 j 000 iiy> 23.5 J^uiJ J <J i A**)aa\ \ ^ybj jy+*y\ y <J jbiil ^ j ^L__» 

900 ii yli UiP jy^^Jl yU pJipSfl jUl y^ L. .kHz 900 U)1 ^1 ii^-J ^JL^j .Hz 

?kHz 

(2-16) 

jy^^l y]1 ^J a i>w ^uJl l»-kpVl jL-ill <Ji .16.6 ^^Lp 0.707 iA*JL 23.5 v joi 

.kHz 900 ii yl^ aip orb;1 

(3~ 16) 4jLy*4 

<# _ 

© jluX- U;T jjTJiil yll J (pk-pk) 5^iJl- Jl-^iJl ja J>-jJ 1 Sjbi] jU jt 

jjp jy-yty^ ofj aJL^ 0i Uajl ^ yil .Hz 1,000 iiyJl -u — p mA 2.00 

■ 5 - 5 y)' Ji£ ^1 0 jb^i d jJ-5 y 4 ^y*s- c^f C-Ui? ^jAfUaibi J- 4 P^rl jl ill* 

?pk-pk yk © jUl jU 0 jSLx ^ tkHz 900 Ji 



OLijjsS3}hj tUUaU'j o\Jt 


(3-16) J* 

5 ijUI jU 01 dUi .Hz 1,000 .» >Jt -Up 23.5 jy-jil >dJ jUl £_>j of.^jf 

kHz 900 m >J l -up .2.00 pA x 23.5 = 47.0 pA y Hz 1,000 » yll -Up pk-pk £ >1 
•pk-pk 0.707 x 47.0 pA = 33.2 pA £ J-\ SjbAl jU lit 0^ t 


jj jjiwjjijoD 

iol jjy*y\ yi\ y* iS a- — J ^Jl ilill (FET) jytl — H ilsti tyljyl ■* jjljdl ( J^.t» 7 

<L&yJl iSsljyZ** JstjJ 'FETs jy 0 1..— O j OlJaP Av V> .4, ; laall 4 -JLj otj^i .-Jlva J ^__ll 

.FET (MOSFET) t(JFET) FET 


JFET i 

ls 1p yill jt oli J** • J ^ JiLt oljJt; JFET 3 jUl yi 
jLT dJJi . (£)) ^ (jj di (*^) iLiaJf jL — xLS jL>. — * J J lg 

^y> j*$\ jJcj .(G) 4>S ^S <S j-~-* ‘^4 5 *s- i_3 jLj JUjju ./ s jJUoll jLli jL~> /p u3 j+aa 

*» 

?j'h~ ■ ~~ .aUaJl 3 jlil jUll (j oljjij Jt £q (J? oLliJt 0 ciw^ulb . Eq 4jl j-]l Ay- yC. 5L ail 

Ijji jwtlll IAa .JFET j>P iipwJl ( J^I y- (J*Aj 3 otjU 2 Sq 3 3y*-U' oUiaiJl 

Jb jLjaLl 


P i\M J N Stall 

ft 0 

dj>jj n JFET Ua**w * S-c^j ( t -r ,, ~T0 — 16) 1 0 1 6) ^ — ^y 

Oj^*J . C^Uj^y^Jl SjLjP ^^“1 Cylpl C)j^J .jLJJ ljL-*> Yl Jst^jJi ^jA dilli ■) , }aal < 3>fcl)l 

.p ^jA AiSU cJwaj d^L« {jA 4jI jJl 0 j!sJj , jJUail A r ^ J b L?r ja j^a U 

t * % * 

P j-U aLIaII oLiil IJL>“ i 4 ^ <.p ^ d^lil (j 

- , * t * * 

UT ( -Eq , dU-flJl 5jl 

.ju&\ / D -£y*A UTj tSiuJl 3 jllI jU\ ^‘b y53l JiU 

ilib JU ((J -10-16) jSLiJ ! j (J- -10-16) £~lj) p SbiJFET jy—y \ yU 

^ *11 a , . 3 b ii U- 1 — ^ j . ^a L 1 O dji^- 4^^«AJl * Jipl 0 .p la *. * ! l 

ya . aP - US' c jiS'f Ury £"q Jtwsl UT ./7 JsuuJl d^L* ^jOP J-Lv2 4 j 4 — Slj 3j| ^ Si 

. /q ^w?l UJlS"j coLaJI (3 jl^l 

c5jl^Jl JJ ^^-1^ 4.>nij |» yi 51^5 JFET jy** r^* 

-1aJ» Lal;! djJyill 2jy* <L^Jai iaJ .L?s-jL>- 4>0 |» oLJ JFET y±£ 



J i \ jJl c3Uai( : 


J J,) lJj j*A\ jwoj <,n obi JFET jy^y\ J Ji s --** ^ <—* j-*ab jA — i — ll 

.p SUi JEFET 

A-Jai £* p oU JFET jy~*y \ >Jb n obS JFET ^ L. J& l — Jb j — Sic 

, wijwL^rl j yL*A y I yjl <ZJ>\a*- A yA kJ!^J IS'"' bl ^ tOj-LdJl 


Pinch off j JliHuiVi 


j J*«! j>- yiJJ jj^v 5 jA> ^jSLiu t> _ 5 ^p *Xgjbl ^obJl j^As ( JJbM ^J^-Ijlij 

ob a^xa a*J Jl t/ D cJSj^ail jU ^bjj t£ D <-3y*ail <bby . JEFT J-**3 cpjJ Sbil J ji? ^ — Lp 

OibjJ .1 JL?t Uj^J N bib 4 jI jJi “^-=*r jl ^Jb- P y*S/l ^A-J . (_£ jIwm * 

j>- ^Jgl^o ^ .obaJl ^j jbzLZ~>y, I aJJoJa yJ3 Jblbj t(p oba]l <j <^j>r jaj Yl oUa]I J c-Ji **) 

^s-wAj UJup .oJL$fT obi ^ yrj Jup aJw? Sbi J 5 y>- yc Jblbj tiliiw-^/1 5 a^a J jj^Ll 

{ y^*A C<— 3lS"" IxAj y» Eq U^T bl . yS"t ibl^U*^/l 4.ft]fli'.,^ ts-wAj Cy5"t 

<— 3 yu ^1 p jLlil JjAj oLaJ| ^jj j C^IS^ ^jSLio ^1 y>- ^3JJ b&JUP ibbu^l 4<)\?:a 

.*lil jiJLj ^ ^ UjwJ-l j ^lil iaA^l u; ^ J pinchojf^A oJl* 




t (l) n SUS JFET jju » Jpl Jll -LLi^ :(10-16) JS-^ 

4 (c) P Sbi JFET J jal] ^ JJ jA-aJ i(i_>) Yl SljS JFET JjS^J^jtyill yoj 

• (•i) p ©ba JFET >jj 






•ty^J! ^Lui2 

Eq ^Ijbl jb^ ‘^r^* £-jb5^ Id c(oLaJI) l3 j *&. il jL — > (11-16) ^ 3 ^ — **jll ^ ^ y 

,d jbil (^1 ^Lp b-J^* 4 V \~*JjS' yi dU5 ^p\ yJ\ JFEX jy^y^ j ^ 

L*^up . abill 3 jLj <^l ^jr <. L> y& '&A JFET clJL*j l* a>- ^1 Ij*^ Eq o^j L»jl p 

C Eq 43b* jl £4 dUlll ^r ../a" .jJ^llj jblil lju> j dUjJl i<LjL* ^Jjl £t*V 2 J 

^•L»S/l £tliil bjL~* (iS— G) 4 jI jj— J-W 2-4 4JU?jJl A^j*- l^i JjS«o ^Jl <jailil ^ Iq jLJi .ib jj j 

^ iS — G bv? jJl ,JJL> <Jl~*£ -bliS”" b>r y* Eq bl .^JtaiwtJ L* jJJL SL ill ^ja; 1 IaJj pj 

pill u j-^J <LJb 3Jj jl .owIpUJI ^\ dLill 3 jbdl (j^y Ja:;j .^*>e ^ i l*-b p JFET 

.<uj 3-1 3 ^ ^L| 

(11~ 16) 3 ^j^4 j^^j b*AiP jSLiJb A a « *ygi l oljbi'^l |V ^. y S. -i — i£ 

” -» *» * * 
t<Lpl)alc*»'yi 4-^vjJlj .^»Wjjl 3 vX (-3 j^“lj b jbiJj b y* i^lb (jl , lA^r lj A^t, ...... ..4 

4 J jbibl (Jl^ 3 ^ *^a\\ Ajs^.aA i_JlL>^ ^jl ljl>*JL4 JFET Oy^-J b*A«LP L» ^1 £jb Jl j y ^Sj 

Tl3> L 


Uk IJ^LaII ilV^b L-fl J^4lt jUj 


•Eq ^Ij^I jb~l ^%-*i tl/* ^d ( — ^ ^1*^ /p ^ ^ j i y-—^^i 

aIjIp (12 — 16) ^|^-*^Jl y) .yLg-Jr! aJjLaj 4^\jjl C^I*JL>»-lL! AS' t, 

ili^SlI c£ g aJVJb / D ^>cl4 Ljajl £W3jJ .A2 obi ^*>1 J^il JFET yy~* y\j { jpj\~a— 

.(11-16) J5^Jt 


^yfLiull jbj ^jjLa JJC jbail 



./7 obs ^^-Jaljoal JFET .^>1 gyJUrtlll CJ>j>^i<all Jiu 1^11“ 16) (JiJJI 



JSl jA\ J>Uai( : yu- ^oLJl 


<^*^l 

b 



gpUa^B cJt .1$^ 

.n oils ^_Jal j^al JFET jjlujJpi jil {j*x\ ^^ 1 ' /iljWu ^_y* asift :( 12 - 16 ) j&u 


aJjLIaA A-JSUH 

LajLw^ dl-wM^L) ^ j> JJ I ^ Ay)^t]l a^j L*j i^j I j ji I L*j>xJl jLfc*il p-*?r «jj 1 4ja>*JJ t a J^x-LI J, p 

. ZJjLdl iJSLfl ji aSL»LjJJI aJjLJI aJjUL JFET j aUU ^pOj . Ul* 

Ajl^Jl «-L^>r bl .(j^l^-* Jf) jbi £q ^ l 4-*i*-* ** Ol U^J*^ *(1 1 — 16) 

s» 

.AT D /AF G a~*JI aJSLiII ^JSUl . A/ d oib y % <3 jLJ bl ab c AE G 0 ji* ^ a- 

v . , * % * 

<- / ax > l$ ( 1 1 — 16) ^J^-iJi (3 ^>«j-^JJ ^LaAl ^ A y >wJ 1 o*XA cb<w*i«-L*«& 

US’" a) I A^Ja-L* i^Jil>- JFET jb^-l -UP ^jA A^aju (^1 (J5 a> AIJAE q Aa^aJI C^M^j 

j# 

J-pr jm ji ^>- ( J jLJ wU-jj Nj .1 yU> <^*JJ J** c ( 1 1 — 1 6) j£-iJl j Y — il J 

Ablull a* 1*LJI Lg_*a <j j^sj ^Jl A^JaiLl uj . jbiil ^J^xi aLJaJl L*-Up la £*q Jq . 4 jI I t 

jSU. c£jJl Ol£ll Ail .IjUil JLif J** ^ iX L$JI jLill Aikil ^ ^ \_* r Jap f 

\ jJu 0 Jjj J 4^*0 ^illj 4 / d j 1 I jju Eq j jyu-ail ji*Jl ^UJ ,^>t^aj ^JaPl aJ J J^a — J-l 

j. t * 

.OjJLaJI j-vail (ju J^ljll Jaibl J,^JL*ki!I Jp ^ ^ll f jliil 





(4-16) ^Luu 

* * 

^ 'v «Aip -IpI-u <3 oL^«-dl <jl J£t>-\ .(12 — 16) (3 (3 ^ 

£q jy\£ S^S Ail p-** jll J-La LJl I j Juflj . (iji**3S ©L^L lALijl <Aji — p t(^l) Eft c3 j<v<3. il 

jl lu^Lc lit* .Jib ^ J jb\ JcX \ Lifj tA-jiif J? y^' Cf ^W ;> *- : ^ ^s-waj cU-j«-* ^ 

jjP jSLio £■{) ^bjj L»JUp ol jLS^I 1^-vOj" ^ JFET ojAij^ 

(4-16) J* 

JaJj) 4jI ^JJ Oyo pk— pk 6 jL5»l x$>r Ttij cL^-j c3 ^ :>^f£ JFET — “ aj — p 

* * 

lyi*-- aIuJJ oL>u!l ijv JjcJ! Jj \ yj iE G ,/ D c3 j-^ll jLJ 3 I I (V - 1 eil ~2 


./d e) jj*j £• W— ^ o jLi| £*xu^ Ail /p*j jJJSj \Eq 1 Vj E G 2 V Aj\y , — SI 

y Eq ~ — 2 V AkJlt C^bl>«^il i^yL^j Oibj jl^*JL***L • I p-*> r « /?< ^1 tlJ-b 

J L*JUp j ^*>»yg;il ^bjj .LoU l ft g JLpLiSI ^-r ^ 2 — ij i ^G ~ ~ 1 ^ 

3 ,c oljLi»l A**uij f.^JiJl .(13-16) ^J^-aJI ^^y* ciJLb o| . aj-xJ^I a*^a)I o-La 

. dj Lj^>xjJk! ^S-9 y\ I ^ . Ij jLaAI ^Jjj *j &j\k*< 3 Si pk — pk ^ $ J rl o-^b 

P&AA y^ ^ a . 1 J>r . LJlj^j jlgjM J tl-b»T I jj£ Eft bj .l-U J !>J A jLi Aj>r j J 

.oliS jiJl j-* o! j-^p ^wsu ^ jjUo N J-^«LS JFET ol y 


J 1 ^ 

/d 



.(4-16) <SL^il jp* y :(13-16) Ji4JI 



d>Ui( : jJLp j**U\ 


MOSFET 

metal-oxide-Semiconductor aJUI oUl£Jl <*y»A JjI jf j* aaJj* aJT MOSFET 

L*Jaa* Lc* j (v“ 14-16) j£-Jlj (1-14-16) jki- — Si £■ — ^ jd . field-effect transistor 
0 -14-16) j£-iJlj -14-16) dj^jj n SbS MOSFET j>: — 

p oU jy~*y\ jA\ 

jl kl^Jl b FET jj~* j>\ Ob" J j* MOSFET j — ij&i ^ j —*- t*A ; — p 

t Linj J 4 j 1^J1 c£ j— 0| .l3l>- i*— '^ 1 j* bb — ^ y j b "1 OJ — Si jj — **i l c.j . IGFET 

tJbs- Axil jA J>-JlJ| j cjjUiJ A>*y^ . sb-fijl LijiJ t iJlj j $5" 5 \j\s- Aju L? 5jba J y 

ouk^i J La, oOJi SjU.1 JA IjLJ MOSFET y*c~± V .(WUll Jb_Jb j) 

, 4. fl .» W y^l l 

4 J4 H\\ jS AKjMaB 

^^iill ijsuvljj aJ y£ AJlk,| ^a MOSFET j a-— — .J jJl 4ik> ! u , . — Li 01 

0 ^*iai) 1 01 tMOS o^-^rl <*£ y^~ ^? S1 ojIjIJI _}S £-bj 

jA>S3 JLi (a*^*j ) 4jl$*"L*x aO L> j^S' o^b^*-** 1 01 J. a -XS^ li- _L1 a *^L>- o>>b * * 

V .^Ob ^jkio 0 ^-b*, tMOS jl^ 5 * <3 ^^^r$kSl J jb-Sl (3 b) 

.^JajM iJi-A j, A*!? jJl 4JL;Jl 

4 JjjaS 

MOSFET y> n abi JFET jy~* y\ yA\ J1~li*- 1 0b>-S/1 <3 oljLbl J jkc. 

£j>\ j y ^ b«^*-b 1 «.«*»*) *jP A \jLa 31 *— »^b 3^b* 4jbw* ob 3 

J (5-G) <j1jj - j-Ua> 4 Jl^»j o— J JFET ol oj — kil ol — ^>xJl L^« — iJ MOSFET 
Ji-J 5JLstf»^Jl dJ-A oJl5^ ^ p—n aJu^j MOSFET 

MOSFET UL* t^jL ^4^Jl ^ jiJl c^^Jj 1-U- j^-S" S—G 01 OJ — 01 — 9 

,n obi ^1 ^l MOSFET jy~*y\ jA ojkll oU>«Jl aL‘Ip (15-16) jkJl .^b Jkio 

jjjaufl JjIaa JlilluiV) 

.1 yw? 4 j 1 j3l Oy ^ j^kjl J j* Ojk Ujup t<^1 c jL^-b JFET j ®bi)1 

01 jkc . jbLz^ yi Jao~j OJJj ^pJj .iijO? dbi J — Jl J>1 j >* j — C ciLOj ^-^1 aa ) ai • 

Jai (14-16) jksJl J A-k^Jl ^llj ol. r J1 .Ua — j1 3Uj — MOSFET 

•MOSFET ol jji>*y\j! J ^Lttiiw-Vl 



OU jjs Sty j j cftV :^UJl oUt 


jlc- AAiia ^Juu-a 




5Jjlc- AAiia a ^ jmj * 



t (I) n iUI MOSFET JA -U*~ :(14~16) Jiifl 

t(^) p SUS MOSFET ^ jj ja-oj « &U5 MOSFET JA J>* j 

■ (■i) /? dUi MOSFET jji-i jjl Jil ^ j* J 

^fuuil L-ilJiAttll jUj 

b 



*n &US <^^*1 MOSFET JA s cJ\ mJjIc. :(15“16) Jiu*H 





Jil : jU- ^iUl J-aoJl 



h -*. ■'/ MOSFET j y\ y liLLt OaC ' z -3 i — jl— OJ l*-* L^s* y> y&3 

I /p jLJl 0 y>*l tAjljJl ^J P Eq jb^-1 c£jJj-0*il '(j ■* . J&+0 jl*^-b *>• y^AA dUi ^ ^*c// 

/7 abi jiyc Jl Ja^jj oj^r^U jj^l (16-16) J^All jw^ji .ajlil ^ J 3 ** J ^ p 

Js> ^UA-l Jl JaJl 1 J*>b>- ^ iUiL^I JaJT J JJ jxlil Ja £ J\j j~^Ol A-JauJa^lil oliaja^Jj <j ^jSs-C ,p eU j 
L»l $a y»s~~j* ao ^*Ip M a :*»■«» V I la*;i MOSFET oljj^ — ^jil ^0 J — :Pb ao j — *L*Jl 

. Ax]aA* AO j-*Ip Ja jjajP LgJj Jj» j*0l la ■» li MOSFET CaljjJL^jji 


41aI£1a]| 


ohj jSsjJl 0 ^SsJ .Sjjb AJJjc« Jar jb ASLl^*)b i-JUS" (ICs) AJUl^lil oljlwi ll ^ ]s be* J~L J 

(DIP) ir 4 4 (SIP) J^j^ir 4 ^ j J {_ A»A> c -*/p gjb ■ P A* *xLv^Sll 

gJl aJjJI dJLfc ^pjj . O^iS" Jarjl ^ £• J jlv*>jjl jOJ AJ^Ui^ (_£ ^>-S/' jJL j .<p%Lu^ ll 

jl l.t* o jLp aJUI^OJ OjlJlL! ^b^iaaAOl Jl . T.O <d*Jb 0L>-S/l Ja*J <j 0 01 ^jS^T 


.aLpI^ j Jxll Ajlb" £A JJa7.~* 


S-»^i 

oli AP jJwail AiilSCll oljljJb AjjLi* iJbt- O^ows aI^L^vjII oljU ll 5 j g>rlj |% Jaj jj 

^iJllij J jAJUt L^Jp tlpj^l £-* IJLarj J^\ oljb ^Lj aJUI^iII oljlJlll .Ai^a <L* 

1 A/*JLa 1* olj wb oli ol jj j*?+£' Jbr 4*>U^ Ct^JU J lI ,aJLs<2ju 1I oli j ?lil £- * A ) j\jla 

. l^L»bo lJ» ^ p ^-3?^ cJb" ^llj JJ 0 yi\ J ^11 JjS/1 ol y ^-^Jl 




. Jj j*lill iaxuj « oUa MOSFET jjou» jjl jj j-» j (I) :( 6 - 16 ) Jiilt 
. jhjjjull Joaoj p olja MOSFET j*j (m) 


AaAp Ap ^yi 

<^>*>x£ cLjIj lJj>r aJUIxiII ojIjlII oU j^i>l aJlpIjJI o*!^ ^ ^]| j j ‘vt 

JUil Ob" U15" .AjT C~~J AP j^Jl j tAP^^-o A-Jb 1 c^ljblll JilJ .aJIp olp ^ ; JjJL O' 







Jit jJt Just : ^At-Jl 


■u^ (C) 

• »bUl ijj \J (jW ( »JJ4 V (d) 
JFET 3 ^voj L*jup .2 

.dULH 4jc^ ^by (a) 

.oLloJI Ajua ( j^ajb>xJ’ (b) 

<# 

. Jil jSLiu IjLj dLiJl JJLj (c) 

.jS' 1 ^jSLio IjLj dLiil JiJ (d) 

AmIxaJI ^jLj <3 4-JbJl (3 ^ *3 

*\o^Ul J oJb- yJl LijL-o* oJUp jLiJl jvj ^AJl :>:> 

.^uVl ^UJl (a) 

.iLytP j]\ 4**A (b) 

.U)l ( Jaxll (c) 

.(gain bandwidth product) J* j* £>j (d) 

f .Hz 1,000 ^JL J**JU n j 2 > 16.0 c^JLL* <J C^jaij! ^jLj j <3 jLdt ^ 4 — j .4 

3 4*1^ J*a£ jW*4 ^ .kHz 600 l^iJt ^Jaail J — i-t^ 

?MHz 75 >1 

11.3 (a) 
16.0 (b) 
22.6 (c) 

,oU 0 Ju» aJu-bi I £s_ S (d) 

t^uVt oW'blLj Jij Jjj-U p—n 3JL^£=» _jJt J 5 .5 

<s *» 

. b ji la a, a 1 1 ^jA \ a - 1 ^ j Oy^j (a) 

®j^p ^ j & ""Sn (b) 

<» 

./? ibldJ UL£l 4j ^ <blli j (C) 

* * <g * 

. 0-ApULU 4-**jJL Lj\j£| Lj j^X> (d) 

JJ jAlJl Ja-^j jlpr .6 


. yw? (J (a) 

.^Li! <Jl^ J p-n '^> yJi 0 Ujlp J-yoi! j£-Jb (b) 

.iUaiJl o— bl ia^y jt$j£ ^JlJL^l ^S, (C) 



lA->~ c«.b )l iljMi I ^j\Jl 


.d*>bd 2jj l£ 3 b fjii V (d) 

^Js' objj^Jl djjh f tV 0.60 ^b*MI j^j>- c4j ^ obj o 4i ^ .7 

^dJ ^*b*Sll .A^*r j-A b* ,<^J6 dl^'b/lj p—vi o*)b> ^Jl ^7^ 4-^- _yidl 

0.60 V (a) 

0.10 V (b) 

3.60 V (c) 

,oU jl*il diA dJbJL^ V (d) 

JFET jy^ y^y 3 *—3 jwivail ^jj jL-Ai .8 

.UJb Jijj (a) 
.5Ua3L ^ju (b) 
bbLi*/yi 4 aUj:. ^pJj (c) 

.bbt Ji* V (d) 

IjJu^a . il ol <j* jS L-jllp jLj pnp jy^y\ y^ j! ^Su: .9 

^ > 

jLJ ^ ~*J*S £" bi*^! dJjplaJ) jLJ 3 (£ 1 ) 

* > 

j j (b) 

.dwLpLdJi ^b> 3 ® ^b> 3 (c) 

. l 3 j «, ral l jb 3 ® ol jixj ^ b^/ oAplaJi J^j»r 3 (d) 

* * 

tl)U IjoM c4jl^^Jl J1 ^bjj b**s^p ojbrjw* 4. <)■? all p — /7 jy^y^y l)^^-> L*ujl— p.10 

4JU<9 ^Jl 


■r*^=- (b) 
.Iaj\jlS l3 j^a^M (c) 


•J^ (d) 




Sit 

% glSflpfg 

HHH 




iiiii 


37 ^ SSl oJU^r j aJ ^| U-A ^cJLftJ jj P ; j t a^ Si Jl , 

Aj ^> rSll fj-AJ vtLjJ 0 ^£j jl JvAAj 4jli j <>^>r 4 j ^> rS|l jl Ulp t^y**,,;, ^ 

bl <_£ yPl 0 jUo^l (C~UJ ^^LSlCj ti) ^rS/S ^ -XlJ JjJ JUljJ jL I>-^fl jJ-CJu4l S JjV^ *j-3lS 


i — 5 •A^^rl j jpi4* 

.1 yw? c^jl^o dc (j c?S <j ^ ^$A-I ^ 

K" 

♦ 4 ^pl] a 7 *^*y l i J s* L^^wwjs^* «Jl^JtI aJLwJL j dc ®^l^ j§ ^txiSS 
* Six "./-. 

. jLxJl JLp J-gjirl <_£jL*o a*p ^jsj dc <J$ 4 ^lJaS^'^ : : 

«« ffBS'SP'S 

.<a jUll l 5 1 p ^JL* <pUal^Vl <s dc ® jS^ cJ j 
.<P-Ual*>- % yi JLp L« ^*jLa 1 I £j j* dc <J>I <j Jt$j 

-*LaS ^w\_P i^Apl „/3 i .dC ^j - 4 4JLx> *♦ jX d^>-l^ 4jjJ 4 ^jI yA dl yd 4_fil>- 0 

4~~Jax*il aS^ j£\ l jxSli cA^sij jLiSl ^aj U-U# 
. 4 JLLJI Ju-iJl (N j cil 

.U^-UaS 

.<— *U->! jc^al 

<» 


S&l 


(C) 

<d) 

M?i’ 

. .■’ ■/ /. .; ■- ■-■ . \ 


2 


, : 0%^ : ' 

;Y 

/ 


KSia 


. 1 jy Jit l^jiUj 




. 1 jL-o L^jiUJ (c) 

• 1 Cj* (d) 

.Jjilii f lA dj£i Ot (e) 

oLx>- aJULJI .4 

•fA 1 (a) 

.jljliJl (b) 

■if A 1 (C) 
,>^Jt ( d) 

.o^ ( e ) 

oL jt .mA 10 Jl jLjJ' t*i* f ‘HiA 100 dc jW> A * — ^ J?j — =*' -5 

-J& V (a) 

• djSn rj* 4j\iu 1 ^-voJ (b) 

. JjSn -u^iJi ajLUj 10 (c) 

.^jSfl A*Jijl 10 (d) 

,oL* jLiil L>jJ C^- ^ b ! N c J>1 t j*x£) (c) 

Ajjl jlii A^yja^U A^jUalii AjJUil £- jJ Aju*J| jli tAib (_£ C^a. ; lil .6 

£*Ja-^> A>L> <oIj^> (3,) 

A>-L^» oIjJj *)i (b) 

A^L~^ Sibj* (C) 

.^j U , ^a jl ^lp Jjjalt ^^P (d) 

. ^jljj-v<aJl jLklS^ ,^-ip -Lo. lw ) (C) 

JL^-I L* .V -5.00 4-JU-Jl iOSl ji^ tV +10.0 ajl*** ac a*- ji a-^- jil a*_aJ! ^JL> .7 

?A^-Ji-;uiJt ^ 

V +5.00 (a) 

V 5.00 (b) 

V -5.00 (c) 

V 15.0 (d) 
oJlft ^JA AjL^O- ^Ji N (e) 



utdl uUl 


jjj dl y 0-JW?j 13} vjJU yaj j >% jJ 13L« .8 

(a) 

•*— * ts 5 ^ (b) 
•u^- ( c ) 

" t 

.a ji\ Js- bL^pl jl i\iji Oi (d) 

• V* 1 c£* ^ (e) 

?***-*■_> </' .9 

(a) 

u-^' (b) 
•</*j (c) 

(d) 

.J&> (e) 

0^> jbJt.10 

.^pU-5»1 JsLtJ j3j (a) 

.{.\j j^JJ *)Ijjjia !lA5U ol Q&i (b) 

. 4j1j3 (jy (j oli yjjJl Cf* dJ (c) 
,4j1j3 {j£ y (j olJjyJt -b-X*Jl (d) 

. 4j1j3 i£ y oUjy^J^jl yA JjJtail <J (e) 

^L- jJ> JSLio (X yj Li fi\jjSi\" jf "aJl^jJi *1^1") IjjjjSii 

.A^J)l\ 4 ^ .j gJLttl l £cj ^Jl (a) 

. jL~j^n JA 4y* J g Jji>- (b) 

c— . (c) 

.iljLJlj Jn> j*>U ^jJrl c-3-ii (d) 

oljUiW (e) 

cjiiil yau y£ y> [a .MHz 2.00 z * yJl <j ^lH 10.0 cSjl~u 3J1 y> Sly* cJiL* yaj y£ of 0 ^j — lil. 12 

?MHz 4.00 Ji z * y Jl U^Ua; 131 w] 

^H 10.0 (a) 

jiH 20.0 (b) 

^iH 5.00 (c) 





\iH 40.0 (d) 

HH 2.50 (e) 

<UP jyscll J?*i I j£iJl .GHz 0.045 y.^j '^y a J ^JL.13 

•Hz 45 (a) 

•Hz 450 (b) 
.kHz 45 (c) 
.kHz 450 (d) 

.»5Ui Isji jJl <^1 -up ^Sor 'i (e) 

tac J»1 V-Jb tU-UP eJiixll ci^aXi jj I jo4 <j4al' aC AS y diljjj .14 

(a) 

(b) 

. As>~jliL* sJiJS' (C) 
.Ijy^AA (d) 

• a >4T (e) 

^jA 4jJLi*Jl 4j«jL*Al u jSo\15 


. 4jLpIjL» j jli* (a) 

. j idili (b) 

( c ) 

M*b (d) 

.ajc^j aJUIj (e) 

*> ^ ( 

4j*jLiil j>p ,mA 100 I jLj 220 l g i* jLi* . 1 6 

.kV 22 (a) 

.V 2.2 (b) 

.V 22.0 (c) 

.V 0.22 (d) 


,ol* ^Jull © jjb /jA 4jL*j>- (e) 

iJ j-s^ 3 4JUU.17 

5 sIp*^ iLU (a) 







oUl jUsil 


• U p-Tl ZLajJ p i jOl (JajjJ U-Xip dc -dy (c) 

fi 

. Lo^SsP bftjb^l jop g, ^c,*^ 3 > (d) 

.Jnpr pjaui" dJLi* (e) 


aJ^ju Jijdl 4iliT JP js^dl jSOl .18 

.^JoaJL JaaP (a) 
.yUOO^Jb JaaP (b) 
•£> ^ (C) 

. (d) 

.2 - L*JiiP 4*lp <J j ■ ^ di ^ Uc-*^i ^ ,^.-11 liL* f ^_JLj jy t* y\ j^\ Jj.19 

<!J*\j J ± f J^l 


• Jb ji (a) 

.^yU~J ^ AJ^ka 4-*-ud .ibjj (b) 

•JiA^ (c) 

■a^i (d) 

fi 

.UL* Jtj-s-aj f yl*aJl (Jl l /3&* (e) 

^yd\ J* ol* jUll.20 

.1 j-ily ( a ) 

.J~jL~i)1 l? Lp oU^-JLST 1 g ^t; ^4 (b) 

^1 .P l ^ ,/3 w ; ^4 (c) 

. d«X?“ ^»Lp yP ^ j a *^ ^y3 w ) y** ■«*> A ) 4 j^du» J (d) 

. dJL?- ^Lp Xa j\Ju» yP >Jl y2*J dj-LflJi y4 Lg^ub 4_o<k5lll bg-*~*^“ j -M (e) 

^ , 

^bj npn jy~*y\ y S jbj 4~klJl ^Sbj pnp jy~*y\ y 5jb yj UIp Ifttapl JSLiu Jbil y — * ^1 .21 

?*L^JLi! 

.Sikitf- obi y (a) 

. 4jsio^- jbljl 4 j^t L*-4 <JoIjJL 5 (b) 

. <d»pljL*JJ A~*S*"IaO» Uabcf y3 yu ^C) 

,4a1o£ oUJbr ayp^Sl! y? yj (d) 
.k^S'\jdA djJ-all ^jy* oLjai (e) 

^yprj t^ibUo* Aw»ryil Ujil£LM j t^JLllaO* U-Ab^y aC (Jjbil yP AyjiJ 43jj\yu till I (J > J b' .22 



oy JjS £)?tj tjrU ujUi 




(31 ^ Jj Uu oi^ ol Li^ajt .4^^* 4 ajiJ| 5j ^ j ^- 4 j^Lu* 4 cjl ■ «• ll 4.^.4 il 

<*S^ jil OjLi^J 4^kjiji— ^1 — A^jail <1)1 dJUS ^jA ^tJJL.^>7 

,d*X>- ^ip djLi^ 4-*-ail — ^l — A^jjJl ^a) 

,dJj>- ^1 p °j^'i 4^wji]l— ^| — 4^kji]i ^jA wL^Jrl i^_fl .,rJ i ^b) 

.SJ^ JLp SjLil J^J uiJl- Jl-UiJl ^ a^rl 1.414 (c) 
•®^ J> “ (^5^ 0 j^i 4^x11 ^ -l$A-I 2.828 (d) 

^ “j? ( e ) 

^1p JFET <j dLiil ^p -Ujuj .23 

.4jI^ JLpr (a) 

.oJLpUJI jLj (b) 

.liJl ^JaiLJl (C) 


.E* (d) 
jW> (e) 

^ ac y VI a*~JI .24 
.AIma 4-1* j a}oJ- (3 d-SJb*-* jl 4-^UL* 4**~Jl (a) 

.L»Lc 1L.IS3 i 4^r ^i! c^l /jA ^jlp Jau- jla (b) 

* 

. 4»*JLH ajl^j 0.707 W y> yjL*J (c) 

* 

aj^, 1.414 Lj yH yjL*J (d) 

■u'^ Jjy- ^ (e) 


V ‘b^l j .25 

. dl jjJl L-ilil <J5 jLkl jL*l)l ■ ^ «* (3) 

* J ^ (b) 

^a d^3 <>- ■ «.«* bij 

I J? j j^3 (d) 


. h-ti* JU>-lj iwjai JL yrjj (e) 

?L~*£p (FET) { J^ j*il“ jS ( E—B ) oJLpli -<Ls \ j j jUo L-jlp <j^jl£ lit* .26 


•ji/" M (a) 

. Jli* VUi FET 0 ^ (b) 

* 

. 1 yL/> Sipuil j ^ J (c) 





JjJLj t* .,fj * *Z jL^Jri ^^jr. (d) 

. E—B FET j_j~" _y\ j 'bl W is** *V J'j-* *jj (e) 

(3 OliajUal* j Sjiiiitf- y 0 i - -^ l>- o^r ' g .t -Liiaj 53jj <— 4 y ^LiJ \ "*' .27 

i)1 ^■ .:. ; .., i .jj]aJI 

.0° j>3l Sij'j (a) 
.180° (b) 

.+90° j>Jl ajj'j (c) 
.-90° j>Jl iijlj (d) 
.W J* iijji\ < 4 yi- (e) 

^AjL^Jl pS" ^1p 1 ^ i| 1 ^ ^ pF 1 10 ^ g .* .28 

•pF 20 (a) 

■pF 100 (b) 

•pF 500 (c) 

.JJ jh\ ^Js- JLoJ (d) 

. a*Jrl ^ (e) 

L* ( J^j«U ^ |» -^v c? <5 500 <^Ljf ooJ_>- ' j — £Lu> .29 

4jJjijdl i^Twib? SjlUj ^XJT 

•j 500 + 0 (a) 

■j 500 - 0 (b) 

.j 400 + 300 (c) 

•j 400 - 300 (d) 
j0 + 500 (e) 

a*4j!I s^jLilt ifjl 100 l<-> *^S £^3 ,J^L~Jl ^s- iJ y? y oUjli* ^jl f .30 

.mA 10.0 ^*—5 djljJl ^ j^3 j ^~y c yi\ *- * V 6.00 4jjUsij yi 

?5J *A jlill 3^J ^ U 

fj! 300 (a) 

(* jt 600 (b) 
f jf 900 (c) 

CJ i 1,200 (d) 

,ot* ^JUil oJla ^ (e) 



cA**JaJdtj ^LJl 


j Jx, yJl ^ jSS I JL^I .31 

(a) 

,4a^JI — (J,Lp (S y c->ULj j ^UaJ (b) 
.AJ*bi^ aw e/ 5 y jLisi (C) 

, Aj <_.. 1 ./all y^\ Ail (d) 

* e * * 

.Iwbl l^-lpxivww* ^-^ja-Jtil Jay j-iJl JIrj ^ Ijf <_£l ^C) 

WUlScil oIjIjJI ob^ rc/j J JU! ^ g;l .32 

.4^ai>«-LLl o jJLaJI oLlfas* (a) 

. ojli>*Al aJjjjJI (b) 

•j^ ( c ) 

. SJL^aJt 4J y^jt (d) 

•Modular construction (e) 

?jj _/> jL&U jjjdl y* U .rad/s 450 ac kr_>i j' jJ' « _/!! ^JLj .33 

kHz 0.716 (a) 

kHz 0.450 (b) 

kHz 0.0716 (c) 

kHz 71.6 (d) 

kHz 2,830 (e) 

> 0^.34 

. jLJl £A A^jloll jJcj (a) 

.L^UI ojL>w \a j j!>J L*jlp p—ti aL^jJI JjLj *)l (b) 
x % 

. ^ <v ll JLgjlrl Ax^wJl (c) 

. jLxil ^i_P ^ySJj>^\ *\^Sju (d) 

.V 0.3 (Jl^>- -Lpr (e) 

f * 

jiJJLc. Lj ji. i jli>-lj — i* L»J&U tjjJaJb i j^S'\jCiA jLajUai* j!w JS tjy ?*- ji j^o L*_Lp.35 

.Olplj 0.785 (a) 
.OWj 1.57 (b) 
.OLol j 3.14 (c) 

.Ololj 6.28 (d) 



yidi vM' 


.oi* j* Jbjii yis |l iji Ujja^ yic. V (e) 

( y SjjJLdl a*>L«Jl! —70 <u 1 pU» r j' 50 jy* *-Lj .36 

• 7 70 + 50 (a) 

■7 70 - 50 (b) 

• 7 70 + 50- (c) 

•7 70 - 50- (d) 


. ^y> Jbjil j J- L/kAjJLsi (C) 

Aplja’.i' JjS/l j JLLf^w .V— 12.0 5;jUa< j*-* ^ yi3' ^Lp A-J ^jU*2> 5 — j^Aj c—L. — .37 
^Jtill JJI^J iW 15.0 UjlAi. ipUai-l ^liil c L^il cW 5.00 Ujla_^ 

j-M-l j jlil jUl y U .W 20.0 UjUi. iplkU 

mA 139 (a) 

.mA 600 (b) 

•A 1.67 (c) 

•A 7.20 (d) 

.oU jLJ.1 «Jl» y ajL-?- ^•yCc. V (e) 

*’ * * * * 

5iaij jj,! t ^iSi Ul— j LiL* 4 jI w JFET y (3 -38 

. **m ) U ^w\j3j oLijsJl 

.jLJl SLiSi JaJ 'y (b) 

.lj (c) 

.^L^l ^ ( d ) 

f / 

. 1 Ij jLv* Ilj .^aj (e) 

tOj^o jUNl ^j- 4 dc L*-^p (3 -39 

* 

.1 Ju& p-n ^JUa jJl <j jLdl (a) 

.Ui; y. p-n *JU> jJl j jtJ< (b) 

.72 ia_ojj! ^4 oilil p fa«;) l ^ d^lll ^ja (C) 

,p Ja^Jl ^y» S^lLl JJ n JslojJ! ja fi^lll j-4 oUj J ^3'yi J3JU (d) 

oL4U 4— -> j jjiAiJ (g) 

ji ^j-4 ^225° y y x oi 0 j>> i .40 

.135° -i y (a) 



I j J *»»gt 


.45° — (b) 

.45° — j y os- jit -us J X (c) 

.jjU b OL-TUi. 7 A* >lj X A*r>l (d) 
.jjhill X A*-^ilj .Y Asrjil (e) 

JjLi* j^~ •* J*rJ t/ 9 p*l .J - JL -' Jl Jp oLi j>*A Aj^j jP A il ^ j — al .41 

oUi> J r > »il ij-* aj^I Uijl .kHz 500 a JS\ -up y’300 + 0 ojli* sljjl ^a - .. — jj 

Aj^iJl aaJUJ. 1 L. .yi-A3 I ^w.a^ (_5l ^|>Lj ap . - oLiL* ^p SjLp 

?kHz 500 Ji pJt -up LLJLj J _jil *_~S' ydJ 

./ 100 + 0 (a) 

•7 100 - 0 (b) 
y'900 + 0 (c) 
y900 - 0 (d) 

. o l* jl*l\ Jjyil a> A** 0 ajUaaII ajuL«J.1 (c) 

U_h- Rlfj- jlL . j icJy E Ai»J emf •> j <, jw.1 ] » jIj 1a jU l$J /.. dc « jb J— £ .42 

?Ad»U aJUI <^t .P ol jJb b-ull Aplku-Vl 

P = / 2 P (a) 

E = IR (b) 

R = E/1 (c) 

P = P 2 /P (d) 

1 = ER (e) 

jl^psJLJ UJl ^JLjj tfiA 10.0 ^ Jaill ^ Lj jy+*y\ y> rms ac 5 jLw| jLj — j .43 

?rms ac £ 5 jlil jU y* l> .kHz 100 
mA 10.0 (a) 

^A 10.0 (b) 

fiA 0.100 (c) 

^A 0.00100 (d) 

.oL* jJLnil ( jj* Jj jit <* ^ jji 4 jL^*- *)l (c) 

y JUPj AjjUa^j l^Us> J JUP lQ 144 4 ^jLa>* V — 12 AjjUsj ^ aJsu^o dc j .44 

s 

A^a.*' y % ipUaiw'^l j\>XjLA b .^l...., j.U 

mW 83 (a) 



ylslt 0U1 


W 1.0 (b) 

W 12 (c) 
kW 1.7 (d) 
kW 21 (e) 

a Uat .- U ac t) .45 
.^T j5Lij jys- oUL-p (a) 

.<^1 iJL. p 1 ; yaTj CC-jIj JUjlC. <L>L£J 4jtwJl (b) 

.^T 1 ^ w3) j cC-jb <J.XjlC. A*JL*»i 4jcmJ1 (C) 

. CjIj JjLitC. bt£jj LL* Aju-J) jJCJ (d) 

^Jl ^jl^T ^>r jll jSvJtJl jj-j (e) 

Ui Ai ^oil ojUli aaJLJlI UiajI JUj .46 

.<15U ^ (a) 

(b) 

> (c) 

.UpU; ^ (d) 

.Ai ^ aJLj£ (e) 

A 3 ^3 A**^ ac A^- aJs^w jiLl AjCwJl .47 
. I tf > A^jdi AjCwm (a) 

I* 

. Lj jAT A^jlJi A*~* cJ*Uu^ 0.707 j j-AJ (b) 

,L > yu <Lj^/l aa^JI 0.707 (c) 

.A^JiJl — Jj — A^JaJi y* 4jcwJ| cJ^Uu^i 0.707 (d) 

•>■* ( e ) 

ac JJ A-SwlSLll aT (S JLil AiUaJl j!ui .48 

(a) 

.aa-^jJL (b) 

.^Slj (C) 

(d) 

■Aj^- (e) 

0^* A-}* ^ ^ jM AjJ^aIaJI iP jll ye . 49 



cftb J^3\ oUl 


.jijJl 3jli5Cj (a) 

. jiAiJi hj\j t (b) 
.a^UaJl J-iL (c) 
.Ja*U» JJ.L (d) 
.^jLaJI (e) 

^^Ua-^1 jUl.50 

. Jl lJUJI jiOi (a) 

,^-JL-Jl J} ^ (b) 

,4-JUtil (J jl ja]! (3 -^3 LA> Jj3*Xll (C) 

.Ojil oljUJl j jiJLj 01 jSo: V (d) 



iLttl! uU! 





■ 

••• "> 


4a jaII 



ja«* j l <J$J 4A{ ljf .oL>r <3j^ £ 0 

j^j“*L^ai *l*-jl J- 4 ^ <j jr .5Jla)1 (j j <j J — *Jl 

Ua~*»_j JLj Lf ( ]^’ jy*J .jy^y L5^ JwLj L*^i £- X j *2i d & 

4^j aUa>- _L? jJL- Jjlj ^j»« . ^ 

. . i§llit 

dj 

ui^ir^^ 1 t>Li jij 

ji>. 

l$J_P ^tJLj L*AlP 0 4 jP ( 

j L? _^' cJ>Ui! j <J~>J £j~- ^ j) J- 4 ^ 

(3^ J! j* ^ <fAs J?A ^jj 4 j$%} 

j sJ*J 

pplif 

Ji^ij 

c-»j <^5 J ^jJt^Jl ^UoJJ :• 

:'.,V ; i- ■■■■■/: 

OjAi Jijoi jUJiJi jj -s 

^ jldil jLdJ JiLJl W^U>E® ^ " f 

1 ‘ ■ /:vH/.' 

j^^i" ji * 

^-J ^ 1 vJulft * 



cr* tfcUaidtj :iJl£ll <-yL)l 


tij* J^b J> j ^J| JiU • 

J~e i^Jrs' y o- ^^'-> o^j - • 

J/ytllj 4j>r jil hh jf-Ji ^ oir lit .yyi ^t ^ irt^t j 4 -( ^t> o! 

*> 

0 jJ>lj 0 *a>^J <b*rjllj t4>- jil j j-/ 2 j .x^Sl y* jlS^ iij . Ajt*UaJt Oj JyaJb Ijuli ciJJii tOj— sM 

.0 jjyaJL 

^uijaIaII JjP 

t ai yt jsbi _, .u y— yi j aL - J cj^ ^ ^ ^ u -£* i>" c' - L ~- °i 

Jy L* uLJl ^3*1 ^Lp cJ y4 bj L^pLSj }j ^ly*Sfl ®yL y^LJ iJLS-jr. . Jli* il 

(* ^ 

3 Oj^S' ^A tally t l 1 -j I yji y* L*.-*!* tC*>Ua«a^l j ^lyL L*Jj£ »oLpLwu Oyj ^cjjLi )i 

tc£ y*i jly -1 (J oL^-S/I yaju (j 4 jL-w« O ^Sj tally i<_£ y^ jly-f <j o j>*-^y jly-S/l ya — *j 

jly-ty <J *d y«i> tally t jL-iJl y* jfc 3 yM jL>-t <jj H-* ylt ^y* ota^-S/' yA*j <j 3 ^" tai — i 

.L^»^ju il y*-lJ 3 y^ jU>-l (Jj jil atari* 

JliJl yiij ^J'y ji ^ j ota*a>- ^y t4J — ^ 100,000 J - — l ^ J- — £ 

c^bLJUdJ LLilS" tilta 0 jS\j jf yy~ .y-*^ jSLio tiayM ^lylS" L*lc <yl ^Jo-3^ y o>L>r y*iJl 

^Ul coL^Ij ^J lj coygj>rS/l 6 JlpL*jt. ias>~^ f,LJjtJl [$&&>- ^Jl c^liLi^^L AJjli-* Ai — SsJj 

oyjt £jjU o oygj>rf U»jJ y ^Jl (EM) J j — SJ-Ij j — So 

t<LC.Ji Uj y^ ji . Jaii oy-^ai o yiJ j ^S\ IJUu ^y* Lvai^ Aj (J O-b^j JL5 J ybM o -L a jl 4 j jjjj! 

.LJ yi oL?- ^y* 10 8 x 2 Ajyjiiii! ^.1 ^J| ^yj jjL^O ^ 

<ia^ly o ^S^y* aiJL^- Aja^ly ^JwaJ L^l . 4«**Jb)' ^y* o AJyyailil Li — J ^ 

LC.j . Ja*M y0* (J ^y - O-JLiil L-3 ^ ^_jLp 0^ Aji-I d->Lfyl>«-Ll ^y* A^?L>- ^ly 1 

ciiii 01 S^ lil . 3 y^f (*y4 J y»- jjiJ 3 y*' (J yl Aja*3y ^1 j — *S /1 ijj — J 

.u^i yii jLiJ y 3 I ^l Ljli tj-s^ 

AjjjbJl 

^ly»S/L y^ sJl L»LC tb$ g.LjajtJi Ayj ^/J^/^-Zy/^yry f.L*Jjdi ( ya — *j -Lai — *j 

ty^. ^l]ij (J o-L>4j 3 ^ OjLy I»3jyil Uy^l^ jl ^JS' yajJ Aj ^ iaJ -b^y .Ojj-S^Jlj SjotvaJl 

.^Jyxlij jdr jv*S^ Ajv^il 0 i-A 



4jt jll jAt je : jJLf- 


£-*** jl> *LpUi3 (_^ ^-^. >«-•>- ^Ip *3 jftr y* jtt/fW 4jl)L £6j OjLp (1) jJjiIaj ^jA ^ ^ 

Lftl^J ij) Li^ 1 lil J £ l ' t ^ ^ 1 ^ 

.3L*jS/1 UpL j AobLj OSl Chf <JJ*L L^Ij Jj * tr.,^ 1 ) j LlupL 


ALilSJI gl jJtft 

0 Lc.j . LpLl^ yj l) j^.i ;^ii ^ilS* t4JL*\^il ^1 <— . > ^ y £- 0 i ^ 1 p L)j3rj — ^ ^ 1 ^ 

Jo-\ <j 4j>r ji 4j jIp 4P y*-£: < y* kjprj *Sa\^ j Aa> ^* jl tplil ^lp yj-ylt Ua-jJL 4-L*l^Jl A^r jil 
{ jp ojLp oNLvoJ^/l ^yftb <3 aUL^JI <*rjil .J^L-i (3 yLftjSl ^Lft-iJl ^J^L— — ii ^Ul j .* 

.jjup Ujtll ( J-%ajjJl ^y* j^l y*SH y^ 4 Jft-Jl lift £ JCj Uj . <***4-1 4^r jib Lydut ^pJb *-^r- (J^ 1 - 1 - 4 

H) *tt ^.. . - yLl OU £^— *Jrl ^^LilL) 1 -XjI ^1 ^yx>vJi-J 4..^« -JL — >- 

^ — Jr l ,U>-lj <^y J <J ^ jfy <ij . N ^.l 5 ^ — J-l 

^ly*t y> ^P y*-£ £*kl~J . Jj»-Ij (j f. jS^y 4ji £4 jL~> y^U. N ^ 

. J^lj J> J «UaJl ^ jU&l Uuj jf} 4^ i{S ^4 N Ulujl oJrjll ^Ikpl llJl 

Ij^Aj lil L^jI^ jL-ll j_}-^ fll'lJ 4*«3rl ^t cP tj-Jliil ^J-s ^ .^ l l ^ L^j ^ 

|J* (4*P ^C* C jLull il^lj ^ **>^l j»li] (1 < j l^r jLj>l ^jlj> -JwLP ( ^ ^ Lp^f 1 ^ ... 4 4j il 

o j> jL-JU Jliij ^ clJULij ^ i<P j ** Jl .ib jj ^ t<jyk_Jl <s L^-L> ( J1 ij ^ _J ^ t tl>L — iJ 

Lit ^iil .oLj 4 j j%_^?xJJ iljtjiil aS^ L) j^J ^ tLWL^j ^ caip j ^ tc^j — >-t 

^Lpj 4 a^L ,/j > 180° Aijls u*J* ls^ ^Jr^ i d jJ-^ <J ^ . » f . ■>- 

]° 4J^ift (^yb tAJlj l/8 45° ^y'* 1 cyy* £jJ <}f 90° ^ jb {£ y^ 

.3607s h jijJl ip^Jl OL jf ^JUJl J ^ 4 aj^ 1/360 JT 


4 j M>tl 4^ ^yUJJ 

^La> 1 r^y • ^1 -Up ^jJl 3J^Ju ^>rjti> |%-*-or j^* a5jLj qr+M y ^tJbt ^y> ys\ 

y>£ jJ| ij^P aJL*L^J 1 OjJ-Ol .[j^Jl dl^L llj tjL-Jl at*r\j ^J»\ll 0_^J 

d^iljJl (J^>- o>l-^rj-Ail A>- ^Ll a-Lft tu>L?rj>Ajl ^Ll.^ 1 ^*^jr . a*** > - 

.((1-17) 

JjiiaJl .0 jSsJl ^Urjt 43 15^ tlaj^ 1?^^ ^Or 55^ j>& tAIilill Aj yljj! a5" OJlU 

jl dl^-Nl je^'j LaT L^jUjI jl dJi^r ^jLur jl ll>LJ ^ .«1~1 ap ^ jju>r ^ — 4-\ j jJ j (_^ J ll 

a 5^ jl-l .jl j +. ~ *•* ^>Li AiUaJl ^a jU^Ji IjpIj V Lili t iiiSsJl ii j>dj llL>- . a::.»11 aI^uJU^ t ~ jI j ,U^ 

4 

,3j yl-Jl 4^ jl-l L }r-J ^*— ^r yjJb ^ J-ia3l U. -Lv jJ .L ^Ji>- aJIL* a5" j>- ^ft Sjalll Ajj _?ljjl 
.4—^ A>r jA ^Ho^l J-l jJ jUi ^j- 4 JUalt Aij ^U -Ipt y ^ .Ljajl Jll* 






.A-ijjb A£ja?i un J cJA 4 *^ *(1 17) 

4 juaLua$\ O^UoaJI 

&r jlf J jb .aJsj! j+* j <uJbi£- ^yaj Lyi>- o*>lj jl j!5" LI t^ly*S/l — *■ 

ll oljyi y* s>j>ydl .jlx*VL ^/LLj .uv jjU^ jc^y Oi^Uai- <jy y 

& . y jb\j jl 4jli]b oljJ~Ll 3 wUj 33 ydl ^-V>o .^y* j]l dA?-j <j 4 ia> ^t 4 ^ ^ c> ^ 

< j^aj l y*^ ! aju* ji .Ajlilb jLl^Sflj J^~u J .Jau^^Ji 3 s-^ JI a^^ J*^ 4 ^ — & ^ ^ 

43%ij! oJl& j 4jl*ly> OU^J ^lJ>tJU^l jdb L J j^> <Jj^ (£ jb~J >l:^u\j X* 


jUSlISVI 4p j*uaj 4 Aaj^ 1) Jjiaj 4 i j jilt 

Or^if Jj3 jl .U33 y yP JA Or^i' jy J* j->Jj>*xJl <3 J-$^' <y 

4^w>w? aJUI j\XjJ cL*>Ijj .(y yl>L) y* ^ cyjii« yfc ^ 

/= 1 /r-r 1 


h? jll jAl : jJLp glJ\ 


T= \lf=f x 

• S 60 Objjj t (Hz Vm) jj O' ^ 'it -S 1 L » jji O^i tHz 1 **?y iJ y OIS" lit 

.UJj 60 jf s 3,600 jj-O' oy» c(Hz V 3600 ) ^'—"-1 m O' O'i' til 

I^bll JSOjI (JJliiL C jLiliVI 4P (jb-SlL) A, isr _jl' J jJa; iffr O' jji -Ja-j jj 

* * 

\ j . JJjib 4j jj ^gjt (£jb*j iffr jll fj jiff 

X = cT 

■iJ jO j jO <^j* 

*.=<# 

c =fk 

c = )JT 

(1-17) Um 

* * * , , 

(JOjlC. j jJb * * - 4P la«^ \byijA LwwOr j ^jaj a i l — • lij 

^ ^Mj jll J j)aJ liU dJliib d jji y* — ! C/y — -jtf J—^ *jj2 

?4**oij ylA\ ^gip La^t ^yj*jA <l)f ^5^” c( 1 — 1 7) 

(1“17) J* 

cJlS*" A>r jll J jia 2ipl0ai ^jLs^aJl J,! yS\ y 11 ^' -A, = jI~pVL> *i — >- 

J jla OLpLyalj t^P y*-Jl eJwaiJ jb bi Jllilij i^jJl 0^* ^JL*f b£jd j < JS*' 

. 4j>r jil 

jj jil) 

0^ 2$ y yaJi^-\ £±j . ^jliJl y* tj>r y* y^J\ by*j <0 ^*aJl jj — 

22 y ^Lp f ^djJj .(Hz 20) y 20 jf d 20 4pLc* ^Jl j 

.Hz 20,000 tJjfj j>^f 4 pIc* jliL oLo*)[i a*- 

j . 4^>j»/a.\\ J h+m ^P j-Ojlj -ia ^ ^il s^jJb 54 

0j .oljj jh\ CjUjJj j> Jl LJUJl J) J-^u" J 0^ t — 4jcQaj ^)! 22 j — J ^j.^2 — <Lpf 

J-^aj . ^'j^f ^22 J) yA j&j ^Js>\ ^ J>\ f.y0$\ ^\y fj (IR) g,\ yJ-\ oliij — J 

ijj c^>l) j.L*iOT j c-*UjJLjil5^ ^\ (y) L*Lp 3ji-wfj cX“ 4**£»fj c(XJV) 4 ^w**> au 11 <3 j* y 

. ^<yb** L5^ C y yA OjA {j jAjJZj j & f J^ll 

c(kHz) jj jA jL^Jl aJUJI d 22 yS\ olOj-j 0 f.\ Jl*JI ^Jbt: J 

ol*v* cJjf 3 oj-j JS" c£jL~j tl-^7 t(THz) jj c(GHz) jj jA IxJrlj c(MHz) y j* ^ — ^^0 



:£Jbl coUl 


1 GHz = j il MHz = 1,000 kHzj d kHz = 1,000 Hz J-JLJl IJU j ^ j)i 

. 1 THz = 1 ,000 GHz j 4 1 ,000 MHz 

dj* 

ij AJlillj (*}L> 186,282) 1 y^S 299,792 j? 3p^< bj 

<p ^Ji ^j .5 * jjJf &j~, \ — i\ .m/s 10 8 x 3,00 jf km/s 300,000 J] ^-> joib di — 13 

40*^* oljytj (jf 4 jL>-*>U 1 OjLiil) . L$ ii ^ *~>r <_^f ^Jl 3dlla.il ^ 

3p j^i\ ^ m/s 10 s x 3.00 <&_ r Jl O^i Jji*- aL jiJt oliLJsi J oJU3 j 40ii3 ^ ao 

^->- ^jru ^ j^t- jll ^iOadil (Jj t£.jOaJl tS'j** Jif 3 p o oabl^Ja t Jibj -(L$3 j*j <^1 3jJii-l 

^jp i_ t\“L^ . la .*< j (^ 3j0ii 3 p-j-uJ 1 jy^j ^JjI 3p ^<m-j f, jQaJt 

( J^ 700 jf .m/s 335 <p-j-*-~-> ^$yu^ <j ^IjAi ^ 3-jj^aJl ^lj — *Sll j -£- — zJ 

.ill> 1 A£j~J dX> y0 J^j i3i yjl j L* £A ^iScJ liJUP . 1 oil 3 ^Jb .(mi/h) 3 pL-JL 

43.} . (^ 2 JL>wAa jf <Jip O j-^*) O j-i/ail d j3 jl JO jil ^j5Cj Ljf lib* 1 4P j~o $,1 jil <_$ O j-*aJl jJUIIj 

c3 ill 4 j jia jJi ^^ip j tdjl ykl i> ^lpj 4(jl yJrl J jJaJi 3 jj1j L J& bL^ipl ttiii ^>«-ill 

i> 4 

.3 ^JLul lJuar bjp m/s 335 

J 30 jQa ll ^1 0" 4 ^ jduuj . 4 dljall 3 jJlA0 A*j 4P j*yJi Ijbf A^.^A? ^1 ^>S/1 3p 

l) ^jjy 1 * m / s f® 8 x 3*^0 ja jd£j Jif pill j jt j-.u-jli 

.bU jJ ^>~ 4^r^ll C5^ 4Pj*uJl C->1 j 0 »j jj JJ 

(2-17) 5jlu44 

^JL ji - 1 c.Uoiil (J 30 y^> 3>ja- 4 j>tj> Jjla of ^ jA\ .m 10 ^ (Tim 1) jib Oa-lj 

* 3* 

Lc. tJaii m/s 10 8 x 2,00 v ^ j*<aJt ip^ ( *1 j Ij^jl^- Ua — j i»jJ-l dip jp mm 500 

?<*- jil J jlai OJl£ 13U 4 jOCJ ^ ^lil Ol 

(2-17) 4>. 

TJi ^lilj iJ*y JLt i*- jil J ^}l iLLJl Ja^-V 

X = c/f 

^1 UO i*->l J> .iJlJ^Ml o—* 200/300 J! 3 P^*- ll C-ia 3^1 

.nm 333 jf 500 nm x 200/300 Jb-uM Ja- jJl j 3ar jil J jia o»-i j* 200/300 

4x01 


(Os-jll til i-jl-sPJ 



fcrjll jA\Je : yLP £jLJt 


^*1 J L»JUP . <jr}jlyJ> (_^U A^^Jt A3l~j! jl £ A>- yi £^LdJjl jl U&l . <*+* If 

. A>- y I A3 Jail a^L^J AJC~Jl jSj tolj 

* * a 

j*i i (j-laiJ .A>-yi j y? l*-Sspj yi b y?j £a*~ji £• by? aj ydi a>- yi ajil? ^ 

Ai-fjJl Ay?b jJl o15*>\jl5I oJ»* J^ju ^ .^p! ^jl j^l j tIRj cUVj cX~ A*J-lj tl*lp A*J-I yp A^jjj 

. a>- yi 33i]aj i jJm y» cbji^ cUL>-i A*t~»j! j>-*j .yi— y^ ^ y *** ^ yp 

CjUiil jilt j (Seiche) J^VI S jj-uaS 4 -ajI.aII citjl jifcVt 

(^1 O . y^s-^f 1 a y3 . fr A^jIjJI ^^P (Jj t3 p ^ 

.^U ^/1 |*-58^>* yp JjjUT, LUfcij AJL?r y®>s-ya^J <lrf clLl> i?l^- t a «,<a i jf £.llb ]p\ P- 

ytp ,^£ j>-^J A*fr3 ^ cdjocy? Ajtfri c.lLl Japl . aJL 2 jl 1 jjJb A-Ja?*-yaJ“l a~b& Jay? 

AmoLi ol , aJ^I^sj j f.L* ^ip ^ pJsLw* ^ ^ b 

1~S\jcl* 0 UL 4 U g\ y*y\ ii j>cS UwUp . J y*f jjjJl b\ ja ^ J\ yp cJljijJl *Llf a^L~JI aS^ — j j 

.((2-17) y?UiJj c^UaiJ U^i 

a_^.ja 1 i jiaai A_^._yi jiiuji 

> < 


— vAAAT — — ^XAA/V' — 
-vAAAf^A/VV- 



— AA/\A^AA/V s — 

— / WW— — nAA/V^— 

.diljjjtalt y^lmTi t(jjLA2k.jx y^L^al ^jc- :^2 - 17) 





. 0 j-y* jill c 3 j-LaJl jL*jil5^ A^iL^ aJT ^1p < — is jxj {^\ oLajI ^xJl a**x — j 

J^-io i*1J«aIA»X dO.X»i Cj^yvfc* £y£> ^1 AaJI^JI Aj>-Ij^ ^1 AXa*^* ^iajIa* la*y3 j^-P A>»-*J jiU. ./?! (..l.,*)^ .*1 

0 (S 'y£- . Jjty A^jcdJ iJitli iMijJi ^fi> ^^Ip^l a^JlJI .^jlsT jL JpI 4*Ji> Jjjli teJsli" 

cIjLaaa^j^ d*jS** a s» I a^>Jl*J1j aJjIa* ^ipVl a^-xjJJ AaaauJL) L£Up15^ a^- ^JJ a^j ^1p * i^fl 

iJ*fjdf\J>\ ,^L*Vt jt ^U?*yi ** jA\ cJsUv?! aj^\j ^JLj h yj jU j^» aJT ^^Ip cj— 5" 1 c.j 

ojLp l£^^ 1 ^ jj L*»up .((3-17) cIjLa^I^xU AjU *V tljy^ljj .UlLtfl 

. La#I y jUiajI JL* <J“£>r jll Oi J jAj <-(S y*-\ A>- jj* oLajIjj ^JL?-I 



*13?^ ajjLuui <a*.ja Jl jiai ^ (jjjjil Cj! j±&j cIjjl^j : (3-17) 

. ajjoiLjuVI a> jaII djU ^KJI ±±*1\ 




IjJLP J 


^jU l£J^\ cJj .m 10 Jlj>- a] J? ^jJ jir bj oLiii ^ iJI ^_prj Jb jU^Jl db — ^ j: 

C~£ ja\ J^«JUj Jg jj jA J-jbl 31 {j* •AS** \j . jljbrl ji _^L-*Jl 4**\S'jS' cl—>L ^*Jr, J : ^-1 

^ j*s>\ ^ AjLUI <j$ £,Ja-> iJbl f .b jXXa JJ-f £-*"1 c£ di— *1 .O Uj 

Li| . a J l>- jj JjLxS/ J Jlp*)\J j>x^j 4j \ <ui jJU ^LHjI J| ji jia! 4P J-lp JJ-| J*vO— -* 1 . L — ^jJJ 

*/2>xJL^ ^ Jp d.jj sL>- b| ,^3i <^Apb/3 tAA^J 4£0 . <J/U ^J/ 4 lL>- 

L$J 5^4 J5" ^ br ^il J J? . JJb J^5* Jb J^SU APry JJ aL»IS" d jjl ^ Lp 

.AAjJ J-biil lJu& Jbb JA JLp Jaib- »brl £jb)i jAj tb^jb s-L^-'Vi ‘brji J tjj-l 

^sJj j Jgj^jJi ^ ys-Jl a-bfc c-bjalj *c£ y>- i a j- 4 JIjia'VI AP j+m (^JlP-1 — 4d-*ia^ — *3 bj 

j1jia*!A 3 A-JliJi «uisljiJl <j$ dJl . JJ~l <Jj^ J^p 31 Cf?^ y* ^Jp J v? , 

. c£ y 1 ! a j- 4 Oy Jl t^bJl 

# # 

5 n j&\ oLPUaJ Ji t5Jl5" J1 j£ a y dlL^ bij tc^lS" J^-iu U ^ j L j — j cu: — 5" b] 


* * c t f 

bv’lj j C— bl lIj^ 5 LS^ ^ 3) 4-<kjb^ aLa^ ^1 y»\ LS^ 

* . C # 

wL?r^j 4_^Jb ^1 c5^” ti ^c3 ® j* Ajip-Lsia- 4 Lc.j tb y^~ 

4A-3-iA-'i SLJ-I 4£-JaJlj . ji>L) Cj* 3 ^iajij ^^l*J 4 j13 Ij Jja . J 

.4jLi 

,^J-*^“I (J yk? ^b" (J> ^j*A * *> Ui] ^ Aj>t jli <JLJ Lijz+J 0 j^-> C J-J-l y> ^ jJU L»Aip 

.(J^*S/l Ji Cr* jb Ji Cr 4 J^ ^i J-J-l cJ&'j* ^ 

. ^Jg— x C5^" -^" <»— ^br ^ »l]l Jj~l (J J 2 JLp ji! ^1 A^Jij 

i)jb /jA lX^ j Apt ja . 4j*j ^ j 4j a Jj>-I j ojA 4 J ^Jj 3 4P-^j JJ“^ ( — ^ 

ilwb O-J .Aju*J 1 4<Wa-jJt J LaJLj Lj ^ J*^J Ajl^lil ^jA ^jm^jCj ^ ab^Lj 

fi JS 

L^A«Jl4 iijb Tj£- f, '^r j ^LX^Yy ^Jg— *>l^j b» ^pt A a/2 < X 1 1 Ai\]p ygr<*l jPrt-M* Apt dJ^P' JU__P' 

^ . JJ-1 3 Lg-^Us> ^ya»> Jj-X-j .C^bvl^jul aJLP -Ajlj A>- jll j* ^^XocJl aA^ ill a\ ^-L 

A]a— »ljj 1 ^,^hj ^yp\ »/3 Za\ y>r . Jo^JJ SJ-jlJ A*i ^ ^—*^1 5ilia]l ^y2 J 

.aJUs?^I Apt Jkl Aills* ja ^>05 jJUL$I— 1 frl 


Lu\*l\ £) 

* 

.UjL- c.. [».♦ LkS^ Jb“^ J 1^ « X ; *j . aJIj 0 jA j^a f' Lajj jjij Jt^^ J ^ ^ ^ 

* * / t - * * £ 

^Jjj j£- LIa^j AJL?r tAl^t* JIj^aI ob^ jj AlP C^lyJ ; ;ll ( j»>^jCj .JjLx jl dbrL A-^^L>r brl J^j^ 

Ji *y Ji Jr^' O' 4 ~ A ^ J° J*^ . v3»J LiljJlJ cJsLiaj o-wiJi a Us; 

*! A—^Jlil cl^Lyg—iil j j*2j . A— j lj J.A— APxJJ & ji JI ^ 4 AjJ L APrtJj 6 Ji ^ 4 JiJ 4j>xl___j 

. A^oJijJf £ fjA fyf jjTj .JjThJJ A<jjljirl AS" ^J-| ^]p\j£j j 



<1)! ^j .l a . T « w . Lg^ j L; jl^» ^1 3} ( J-aij V Li! a. a. a >- 4-ojIjlJI ^1 j- 4 ^/! ^-*3 ^ Tl 

<jr^' Ji ^ <' j ^ <Jl lM"' iJ* l/ 2 ^ ^ y>d> .aJjLa 5jj 3 

-I^Laj ^p JJ A*ij Ldj c-AaA^ jj^Xi) cLkjli oL ^A-J JaL&Jl c^L_JlS Jja ^Sl!j 

■ JJtJL i) J«2 y gJl JJ-I J^U ^JJj <-.^U,jJJ% Ji-Sllj JsH I J! il ^ ^_JI J_J-I 

Lfr^aju ^jP ol oL3L**^ 1$*^ JbuJ . <Ukjljj! Apt jil (j L)Ij>-LajPj OLJpjJLuM LajI. 3 Jj>r^ 


(3-17) AjLt* 

ojL^tj^ aJ^^X* Li d«-XA*J! ^jp a>- ^ ll aJ^^juj! .X**j ^5"* 


(3-17) J* 

£ .ftO>-ljj! djj-Ul j Jjjflj! 3 360° J&rji 4^ t dJUl Jva-iit j5"\x£ 01 ^ 

OJJi $4 jjL^O» oliL^ l g lajLi ^jp JL>uJ caL*\^J 1 3jjJlil (3 jlUiPj olli? J^io 1 JIpp 4 JjL~ il 

c^! (j d«-XA*Jl ^-^p 90° aUj^I i£\ J^j (j ; l .90° j! L^ax i ^jp — J l___4l ^ — mj 

•U^L^ri i y (J 41?jJAj I (^1 ^jP °90 3jJLp g^i >X*Jj 


A 4 jflV 14 .ll jjP jrlj-aVt 

.Ij^Lj *^l 4juJa]l (J V g^3j C aJo^j jjp ^l^-^l l/ 3 ** Oj . Oor ^lj-«Sli d..«» 3 

^jp L_Ali£ LL&3j AJL kPr j! jAA J J^P 3 £y>rLi>» 3^*'^ J- 4 *^! G-Lfc J**i ^ 

■ lo « «w > ! jJ . dwL^S^ ^1 ^*! l? Lp o^*Axp! o« <^J c {£ ji ^ ^ L*.*o *V i ^- .. — ^* ^ r! aj L «- . . . 1 ! 

d. -. 0 .I.W.T AaJ . < uilzl f Aat ( jLiLlll caJa^-I A^r yli A?r jli A**+^r\ jS* 

*t 

Li j* (_j“^ ?x ' 4 *** ' y. 4-La J.J y , jJ^S' dJlii! yj a il 3 

JjJ V Jl^LiL 4^)a::U jvP ^1 ^*Sl! j$a j 3 ^ Lftiy ^ j Jl — 

caIJj Si?L*3! t(T ^j- 4 *^ Lp 3 ^Ji4 «- (iH 5i 4 ^-3-Xj jt oLm^ — *5*" 

Lil .oji>c J! ^Ja-^ ^1 p 3^ jil dU,la,3:ll5" co<Jad* jS* L>r! j^l oJLw-^l! 0 ^*^! ^ )a^* — J 

jLd>-l yA ^_P jJl ^jLp C A^mPt (dLS^^.^ 3} J* l)^ - ^ 4-Xa*^» ^ ! J> 

LftjjJj ^ r S'\ jZ oIjjJj L^ ^h j oljjjJi <~£ ' .lLJ-I-U 3 jp±~A\ ol — 3L jJl -U — 3xJ 

c jLixii ^ 3 ^“ y ^ 


jsTI ol 




.oua^ 
Jg-W ? c 


«uj 3^ jj>r y* A^UJl Ljr ^1 j-<! o5" y* c3^bi“l LftLijjj A^ 3 ai.w»i.i Lgi! y£ tAjdil! ^ \ r % 

PT JjJ J-*S/L j AjjLL* ji*yi 3 LpU^ 3^^^ I*XA £jA ^1 j_— o) 


c^LtXw* 3 ,s,,, r~ ^^*3 CAyig^- ^1 J“*3 J>! -Xi yA J 

t! ^ fli A^a^jt 3**^ a&^ig ll t ^ n<!»i 4y , L^pL^f , * , -dp (j 3i ^*■^**3 



. lJjJ 3^ jl ^ll 



hr jll jAp : jJLp 


Jcli 3 

jOlC £7 llj^ tO^lJ-1 (j J COL* cJjjjIj oli 4_>r £7 llj^ [ j £ I jl jll>r y» jl ^ !xX 

. iJS'"' ^7 I yA 1 >p L J yi ^ ^ CA*?r^J Ol ^ y^S«C. j C^w-^La— Jl ^ ^ ^ 0l ^* . Aj ^ l_P j^P 

«~jfy^yij <J*iJLdf £\y*i\ JpUJ oUl y^l 

J HjSfl 

3 jgl^v .jjjL&S/ ^l*-»Jl {.^bLiJl ^1 p f-lx^Jl ^ * 1 ^ 3 a > lLII .pill ^1 p ^J*' 4 *1 

c^<XaL 5 dj ^- 7 ^ ^j- 4 4 —^ ^Jb aJ-v^^I jj-Aj i££ 3LU ia*^l j>p i^JiL^lyfi' i<Jy^r\ aJI*-Jl. — ll 

Ljai J Aj 3^S/1 l&Liwilf hupKfr 0| . C-o ^*>^[1 ^1 p ^Jl all ^gpLu^Ji j^jiJI j y*b 

^ £aL*ISJ ^.slll JflLj^l j^P cJu^l ^Jl dlfc oUr ^ ^iJLJ .aJUJOI 3 l^jl yP <— ■ * j-s^JJ ^ jjJl <—■> jJrl 

Ol^r jll 2 A U^ j ^1 C*>l?r^Jl ^v 2 J AjL^IaI! <zJ\Jlu+a i> j\j */J & L« -L^ryi 

* 

oU- y£ 4j**IU iy > yjl J,l 3 y^ y* AjjU*Jl ^b Jh .(16 ft) 5 III A^lp- jjl^J oIpUjjI ^1J cj^ jJij 

0jy^23 ^7 1 ^*1 d^lp ^ jlilb Aj ^> xa^JsI aJUM b cOw^l ^Jl i. fl,..^3) . dj£*^Jl (X^lprj^.H iw-jl^rl 3 j*+b\ 

. AjLa >■ C Aj AiL^lJl c^>L?r^C L$^ ^ (3^ 3 • A-Js^^a 

.^ijl LJ-S^ ^ y+>\ 3 ^ .Qjvii yal' £*x\a* f a') 01 Oji dj^SsJl 

# «* 

.LjtvS» ^ jjl 3 A*^J ^Jl Or ^il 0 

idj^S" oU- 1 ^ g - -* JS" ^tuJ t o ajL«a> 1 a g .^ti /^p OLu-^-jj 00j 00>- Jl*-j L»Ju p 

0^>A^ jl /^Ss-C .(jyJrjill £jA ^ -b f.UJUJl dj^5** J Vjy* 01 ^!L»JL>-1 J^Sl 1 ^ . AjCUT f.Lwi'S/l ^^2jy 

J^i ,b1 <>Lil 3 ULp i^r r oSJj j^uSl JU-J! ^UJI 3 ^biOJl *Ul ia^j Jl li_& 

L U - * ' ' 1 C^^xjl P^l i^fiyjnj l^*kX JLP . Ljl fi ^7 1^*1 1 Aaj1^A*^'^|I . jUaP^l 

3 OLl^l — ~£a QllAy g lp J^>- lil . AjLs ^ UJ Aj ^ ll Ol^jJl li^JajI j\ yJ^' ^*JL_Jl 

AjLwJ. dJLftA^ ol^r ^ilj lJw? 1 ^Jl f.\jjl AlC C A 1 jL*> O-L^ C. ObJ y y a *y ai.l ll y 

.4jl^-yl* 1 jL^ 1 g Qw; J oUrj^aJl J yCj C cJj-y^l ^Jl 3^ • ^-*-f ^>1 Ol jJlsSsJl 

^1 J,1 ^J^ o>Urji y* c^p-uLail ajI^o ^1 objj> ^ AjLiUJl <L>-fJjdl ^jbjJf 

ji*Ji . J-J 3 I ^P _^_^1 L^i j-^ cl." J ^Ijjl 3^^ t A - JL*>> jll C^tAii^-l A — pli 3 A-J ll 

f. ^JlJ Aaj Jb 3 j>*^ f-Lioj Cji^yj ^ V 55 ” Jl _^Sfl jl A. :r ^;ll ^ y >\ ^il 3 1^ >- jQwa ll 

.(5-17)j (4-17) Jl^o^l 3 Ali,Sll .v^^l 

3 ylj-* ^IjWh Olrf^J^ t^-JLls>S|l Jp y>- 3 OloJ^J 3 \Lj1 y ^1 3ui s^Lp 01 — Jl 

£ 7 !^*^/! J,Lp 1 Ojl-^J . 3 y>~* cJ»i Or - 3 ^ 0 ^lJl ^J^-ljJl jyby . 3 J ^rl <~y^k Jl 

jl d 0 ^ A^r^l ^^S-C . Aj^yJf <bryJ{ ^JJ ^j__JLp 1 ^ -/^ 3 

y^»Jl pill y* OljJbs- ^p 0 y*i J *. il 0 jt>*Jl ^/aij .j^-Jl ^ji^- j ^Jl ^ - l^T 

.OJL^Uj^jjJlJI 3yl j* 1-ilS^j jJlJ y 






. j±j& J^Su ^ j <iiiL <^\ jj ja*j <jt u^«j :(4~17) 

(1 fulfill AjtJal&all A Ktul^j ^JSu^uali ^ (jjj Ja^V 

.CJ ^3 £■ jjAiltj <jjlLa 


<Lil5C*l ^ ^jl 4jJ?«^lj 4jl?xJl (JjVpf (J £7 1 ( J>-IAj 4JI jA g.U. U .11 Ijjf ^J-g-^vJi y ( j^ 

jfr laj c)t ©Aixil oljbl ^JLl i J&Lj col yllail y jL?-S/l J&**. (3 ^iUJl dJ-ft 4jJj ^y, . SI 

t— Jjli 3 J ji^-l Ojl ^}g«.,>*7 .1-4 t^jbtfcXjli OljsL^I jyu V 4^Ja~ Jl Jj Jlii 


JJ 


£A oli oLsL*j oi ^>tll ol> ^Jl ^iLkJl ^ 

*r\ L^ia-^l Ji JijaJl £>- <3 jb ^>T y .O y£ ^1 I fl vfld J 



.^-1 e^jLSiJ Sjjl-> c-jjL^ 


^jjil f-j-vSaJl £- <— iUlaj 4 jL^L* 4^ji c/* 1 ^ L)l_jJt> <5^111 Lfr >- <,0 y\^a}\ olpLai l)I 

l) ^L/ aJl 2ptai 4*?rjliMj aJjpIuJI j- jj?««Jl ^^SsjCl! 4^J jil cJuJail J$ 1 $ ^aju j t$-*a 

.aJ\j j 4^twuiiJlj 4 4 uy^l Uj^pIJLi) 


ter j i\ y&ijfe : jLs* 



•(s- 1 ) l3J^ 10 (JjIa- 0 ^ 'La.j-all cJ^ia 3^-^ :(5~ 17) 
^aII J ^Lj JAXJ (jc. £jU31 II 


^I^-IjuJ LJU> iJlSL# <Laj ^.Lj <_£l . U ^-Ij^SlI ( J->-l0ij O^aiLJI ^sLii^o 

W J * t S* 

Jl <J1 J^wt\ ^1 P yu oLpIS 3j IXJi coj \ tej 


<J jS"" yj ^kSsjJ ^Jl ^ip^l J$ 4ylil i_. r y A^>\j>- Lil 


. j ?*- 1 ^v*<l*«w*' obi flj ^ i l i 




JjbnlJ oi-f- j~o 4.d|^> \ oL&W jj J-olO 01 j cl^Oaxj JjLaj ji j ttyy-O O' ^ly*Vl — J 

L*-Up <uJ\jA 0 i^LJi 3 »w--JtiJi ^5 " Jjj ^J-ft .Ll^jJl jjJU 01 102 jI ^ly*VI . J j_Jtxil o ^-i 

t. * t * 

J-^aj Cj& boip ->Ul ^y* oJb^Lj oJL*i ^ Oi C^T L*Ju p al? 

J-* £yL>- ^ J j ill J J>- <Ai Jb -^W=| C^j-v^Ji ^lU^**i i^jdS' .<jj£ i Oju bl O y*2 ii 


j cOU-J r»j rdJlsl! uUl 


JliuM! fr^vail <Jl Jliij^/l o ^Ja X~u lili .1 * Jaj jA £■ jL>- ^ ^.iJj — JaJ 

(J c£ Jj^ <j* vi-L*l O^? J-* 4 . ^ 1:- ». -< J? O j-vaii ^JJillt ^1 ?l^Jl 

jj cl* jlS'L* Ja**j j j y^A <^> ys>- jy£ ^jA <w^ ^oMj jJJ aJLJL^ *_* Aj j**2> C~*i tciJJi cJsLixS*")/ 
.41P O^-^aJi 0^ clr 4 (* J ^. l5^ J^>- Ajsj^I? 14^-^? 

c3ils<aj l*JUP .^/yt/y/ djJLdJl jV bljjil ‘W 5 ^* 1 J O^ — Jl jjU j 

A-^sjij A>- jil J j&j djJJsJJ JjJbr SjytS' ^ t*Jl j^aX) c \}\ — >- I oJlp A^- j ll <^4 ^Jg t jp\ 

. O ^vaJ' o l^\ £ <j ot-X^I jJ ^>- . J^x* j!>Liu S ybliaJl cj^JL^ jt J — .((6—17) 

^jP aj^L/ail ol ^1 ju\ <Ljlfs>j oJa>-)! .O j-^ail £^lc ,v ^j.)a«**J t^jLiJi Ajb& Jj <Jjlx* Aj*^j JL?tjj 
•c 

OaIjU^* £^-j c^LxpSH J^>T o)|Tj cO.IjL*--J 1 olS^j— ^ /^—P dj^lyfl— )ij CA.JL .>> jll o)!)4 

^1 ^*3)11 .^j^fwaJl c-Lip)/! £^jal**u N Ajl AJjJLil <_£l ^-Lhj 1*5"" — il 

,ul^» ^JS”"" <z~) j*^)\ jLi^jl jl?-I 



ioL>- Ajji jJl ajL^-I Ttwii L»Jxp . Sji-vaxJl £^^*4 clr 4 aJj^ **o ALjiaJi c 1 ^' 

^Jl ^^lii^l> Or jli J jJa .df-liS^ J&\ ^1 <^^>r lO ^ Jj JaJ A^. — JU 

^ j‘^* a - 4 jotlJl ijjfc .aJj*- cAji-^i^-! (Jj t -- ^-» — — j Ibj 



isr^lt jb\jb : 


^ y*\ 3 .f.lll ^Jsr ^ jl* (^1 p-L*J UT f.li! ^1 ja\ £A L*>JL^ Aj] . 4 _J j^a )1 

£-L> cl~~>- iAM wj 3 ‘W’bPj 4 cilj ^j^bJ-l ® jL— Ji jo) j 3 L—Jt olia^ cilplf*' c_~~« ^A 

^1 j-*l ^ jCj .JL-j^I jl^?!- <juj 3 Jbj J*^j j\ 4 -ifl OJbfj jJ OL* L »~-J r? j^Sl)! ^1 j>SH 

^1 £2^“ £ j*** ♦ Jaat AJLjc* (3 < ^k>-’ , )b* AJlS^lj A 3.3 jit ^Lp cL^ajI ^5 ^i) tj-iaJ) 

^A C_M jIsa^p')! I 4 j>r in ^L ? f.LJbtJl JjJb**-^ ^Jl c^jbffcJl J)] . obL Lljj ^ J J > “ 

. Ll^jj! J y- aJ a>-^b* ^wLp ^i aJsl>.^L LjI^-*] j*JiP ^1 LjI^-*] ajJ^j 

<* <* 

JL*?r g\ ^Sf) gr J*£ 4 C_a 1 Jh^/>')1\ Apr j>» J jb £/• Aj'jIjL* IJL?r IjJw? ^LuJl Jj£o Ljup 

Jj&b-tlj . H jA\ AyaiptJi* a-j j^aJl ^1 Jp jJIj pJbtJl AjjLL .i jp- j>» jS- j*-— — A- l ^ — P 

a ^Ji pJbo Ja-^l jir y> 


L*Lp '(Sj^^ ^ y*\ £"bj*)[ ^ (jjbJl Ja-w*»jJl JZlS\ i JfiL xi^ tL^-P^j bl Zijr* 

3JJ3 ^^PJU £-* cilb b»JLPj ^uL&ajLlj j-yldi <iJJ3 ^P-b 40 j-a 51 ^.iJJi 6J 

^J-jSLi^J ^jAjlJI La-^. >,tf*j jjA O j-s^aJi 4 jL 1? {J 0LjjLftl4 OLJ j-v£» jll?r j -4 ^J-A^sJUv ,^- ^ — if jf Jj Xjdb 

4 Li) I . L go.3 J /jA i Js*\ ss jj iS ^ y*j J ^ j < j^J>-\ h jj aJu jl>t 5j>t j — 4 

' 9 , t * * * 

ojLJ-l jl ^Js' ij^U L| ^ — U Ajj— 

^Ip yjUM <^J>jP JJP .(JjLaJI O j-^aJl oli c3)^S/) ^ £jj (J>i ^ j)) L$j>^ 

.JliiiLi ^j^ajbA-S/) A-aJaJl L4l jlJt 4*/s e->tiA <*.$/& ( a^_^i^j tA-^-iS CJ (3 (J>^^ O- j j-^aJl LjL« 

jx; ^Jl OUii> ill-! (7-17) j£iJl .^Sf) ^k)l oL LLc — )l a — ) i>-^L iwjw2 — J 

c A j J 5 j>l»Jl J? ^ olp ^*Sf) ci j»-w^i)l A?w?)j -3-2 j£\ \^ah>%^A CjLJlJI 

3 (/I -2j ^ ajLL\j 20 ^J^-i Oj^o ^1 3 (/I • 1 j f) 10 — ic. — 1)1 

•(/l-3j^ ajIIL 30 jljiic. ^ 3 -2-5 Oj^oj cu 

* t If * t 

jJ .li A^xiJ^I ^1 ja')/\ ota ^ jj 3 yj y±£: aj L jb 3 OIaa^) J l) j£j 

OUiil a^Ju* ^Ji: cHz 1,100 4Hz 1,000 ^ i s* L*lJb4 cL^L^ ^ ys — ^ oij — p 

200 a 4U) jlifcj-1 a ?ry ss} jj^o ;Hz l,200j Hz 1,000 Lib ^ j uy^> ^ .Hz 100 ^ 

* 

i^i3 J& ;Hz l,300j Hz 1,000 Uiba y o. o o J p j — i .Hz 

OUisU A-4^5 iiJa ^b Jl^- 4^ AjJr jil Oj^Pj y O- J j i .Hz 300 0^ ii>- 

ry ijT jliiiii-l ^1 y\ .^T c...*ja."^ ^ 13] Aj ^^JIj ,^jiai>tjjj 

‘U^J^ audiophile Ak^ AJloii N 4 ^j ^- b^J aj] .ojuji^- ^ oUi 

jllljLii] wLs^j ^JloJl 0 Aj^JlJ 3 :jb oiLU ^1 

J Cr 4 jl)) 3 jA) jL*v 4 y dJbJL?r djL^i ^bi*^ O^-- 4 jL-^JLv'y 

. 4Lj1^ Aj ^P a ^AlJftJl cl. .1 4 Aja^i^-I 3 . jy Lil I J-A cl^^JL?-^ 




1.2 f 



1.3 f 


(i) .JjAJjjII ij±> jLul-s :(7“1 7) 

.ajLoIIj 30 (^) 20 (s-») .AjLaJlj 10 jjUla^j 

\ * $ *jaju (£ j£. t g >y j! O-j?- &J f Oils*- y* L^jJ ^^%-J 

* 

JSCiJ' ^Js- (Uisjf jJ y^Lj) yj x J 1 y\ 

x = g~f 

y = g + f 

<.y jA 1 jyS\ ^ iy y Iju^-lj i y y l*Alj tjJ y ^L^!b Sj-Lal! ob^ j&S ^1 S' Ulaji ^ a-XA 

.obL-J-l f.\ j*r \ JLiP jib ^-JaJb c5^ 


far jll ybi jp : J-iflili 


(4-17) 

^ L* .kHz 2.500 c5 ** y <*-4 jj ‘Hz 500 »U»4 ii y tijl^y 4 dJj-VJ j' j&\ 

^oLfijjjb-l oJ y 

(4-17) J* 

obj y iUi ^ .g = 2,500 Hzj/= 500 Hz 0 JbJb .y y> JI obi jiil Sj — >■ 

: Jbil JSJJl Js- yj x jlii^ 
x = g-f= 2,500 - 500 = 2,000 Hz 
y=g+f= 2,500 + 500 = 3,000 Hz 

2.00 obi y^\ jLipI tb& ^*lil ^lijVI obo ^y^>- *J y&3-\ J o^ — Pj j — 1 

.Jlyil J* tkHz 3.00 j, kHz 

JU^ii ^LjL a->»I j} ^jlJ . 4 JLJ 3 b& Uii jka o> Jj LaJlS^’ j^ 1 ^ c3 LJL*»*j t^JS" 

.4jy*^J 4Alv-Sf^ J* 

^ Jjdl jL ttWI Jjlla ^ jkll 

A*^Js> oiJb^ .LLfcjy 42Lj>r cJjL^Ij ^Js-\ ^r 4 JjLbyM jlA 4 OALL^ <j r-\ J L«J; P 

-p:\fa 1 5iLJt oU>yM j! cjIj-UI JJaiJ L* Ij^b . a^ yll aS" y>- A*^Ja yp aS"*^ — >- 

^JLj .J-aiJ ji a>- jaJLI ySor ySll j — ^y* Jil jL^-^l ^yaju <j 1 AiL*. — * j j — 

C JajcfaJf far JJ» Li | hfar jil Jliljl oL^L) ^ia>- j j5'Lio jL~>-S/i ^ylAJ c5 J2& .ol JL» yL^sJl 

J s* ( 

lii oLj^I ^1p 4j Jy»Lp biyy ^ ypl <J»>VL>- 3 li y>«Jj ifaJjJsJl far^Ib V*pj\ 

. L^^JLj (i (8 — 17) far j-ll 

tiiJi Ja-i- J <J A>r yll J-OUJ L«AiP jl jl (^-Ul U j\ tilii J-^J 1^L« 

^1 y«l j c A-J j\p f ,\ yAi 3 aJ" ^\ y^i\ j .As^yil cyl j\afa\ A w : ; L > t>m J Le 'J Ja — ^ — L p 
L^ i _L> y^l Ji jy^J c^bLjJl jl far yll J^aj UJ-LP ySvJj tAw? ^ -La^l L5^ 

.aJ yjail aT>I oli ^ySfl 

ojiH Jji^ 

<3 bjL?r (A****Ja a)L>- a ji (J ^ l*J-LP 

j>S/^ jLijjl AJl^o»j faufa- J jJb ^kj jb bij ^.bJuJl c3 .^a*j ibM y*l aJL>- 3) ^y* j — 4 UJ > 

.L^Lb4 ^ y&lla Ja^» J (j\ }y>rj j jJ 







l) 1 t^L-jA-'l jlfsiil 3 LoL^rl <3 O ^iaJj jjg.tAlj ^L* Ji l) ysJl ^>Ljjij ^L?Lj c/ Ji* 

C^iLp ^1 f. J^lajl 3 *-“J • (Lj jS'L* j^SoL*) AjJlj 4 y J>r olwOr yA l)^So ^ 5 ^il £ j^JaJl 

dJJs olgLiL^I J->rjJ N 4jl ^ ^laJ AjL ^L aj J*^iaJl ^aIj . y^-\ j\*&a\\ 3 J s -1 3 4-«LLw* * S? j )a>- 3 

.oNLM 3 J\ y c-jLaJl jtj fj-Jl g,L-LJl p-L^ .£*>^-1 3 3*^ dwlP-liJl 

^ip ^-LiiJ ^jIS l|^ 3 » <,/? AS" j>~ <UsS c imZ^byj j-tiJb ^pJJ C A^^L 5 j-^SsJl AiUaJl oU***^ LLl£ 
(jy^* jyw? ^-at>* oli (oLS"L) ^Jj 3l j-LaJl <LjJL ajL? p . ««^ a > /^-C .14 ^JaJ y ^Jl ^L^S/I 

,4lA j*^p\ wb>r jJ N 

^ .£ J*jaji jL*Suf J$ y jJsj 3 Cjl~LJL*lil 3L£*^ g.L*J c^J>*Jj ( j*2L>*JtJl ^L ^ y 

-LwaJ SjLv? j jAj' 3*1? (^1 <JL-I .^lilj g.1 l ju ^J-s^liJl £xja~*Jl ^1p IAjwusJ £.L*itj oL y jiJl 

^Ju . m 1 3 ^* j-LJ m 4 31 l£^jj ^“L—Jl aS "3 ajL^jJ! 31 J& y JL^I jl tSjo^Jl 3 viL*-^! 

c(( 9 — 17 ) ^p^oJL) ^^SoJl jl (,\ j 41 31 till y d^L>- ajj 3 j£ LJ-lp oU*ij 1 $-aL^I oL j — J jiJl 

^°}y ibjj t^>rL>rJ jyy <3 PjLaJl jJ^r 4 • ^sL’jP- 4*3.5 1 $3"’ ^>r y *^/ 

! j jJDl ^Js’ <ui IaJI^-I -U»juj 31 y*-£ 3 ^3 -^* ^ 



iCjLeuU-iOk ,j^i (j j£jj g, ja>i \1 4 jcuil dijl£ 1 jj :( 9 ~ 17 ) 3 ^ualt 
?cLa]l ^Jajui L^jlSJU La 


jUAJjft Lj^j Jiljj 

fi 

^ *1 > ~ j 1 ^^a-uL i^JJ*iJ Cg. jy «i P?i l 1 LIS" A 1 \2+***A $jy*& J AjL yi yj ^^Kaj l y3n.) j 

tjLaJl L)t_j ^ y\ yA Jjl coL j-saJL 3LI j Ju jLi^j £ 3 L" .aLjlJI )1 






,jP ^*Ljl <L*Lp (jO“ .OUk^Jl jJJ Oiji JI aIS^ jl OU- yoSS* Hw^i Jfa*/3\ Orj.,-« j * 

.j-j-p ^LJl 0 jjLil (3 *Li*U 4 ***jJLj L>walj JaLJ ^ .oJL^-lj 4-*J5** La15"j $. j^iaJl ^-1 j^l 

c-LU L 4 ^J->-IJLJ ^Jl l.g.~» d > 4jb 1 $ .^t; «. j^iaJl ^ j-*i ^J^-lJJ ^is>lj 4i£ j — JL* j jA ^lj 

jl oU j^jJl j ^gis> jJJi ^w*ij . <L>L~* jli Oj^UaJl LA ^1 Lg ^ jj AjL j laJljj 

. I Jj>r 4j jiil 4-j ^JaJl 0^1 (3 j j^aJl J ^p- La I y jS" jil oJj>tlil oUJLJ-1 

f . j L»Jllp . 4j>r jl £tja-^ ^JLp 5 . j^aJi 4 jiJ*! s-L — s^l 

LA ’j? ^Js> s-Ll^-^II .((10 — 17) J^-tJ!) aim 4jjI j) c J Lj 

ol> jll <L*JliU j| .{.I jAlj till J^taJl Jj>JLi 4jjl jll oU- ^ll 4 >JLa* ^>iJj ^ .^ja.^Jlj 0 - jil <L*JJU 
. 4JP ^^vSnaJJ .Jj ^J-s^Lajl JL^-I £«j 2 -wJ joj ^ AjLaS^ Oj\-S"" LljjJ ^Lll ^ j ^Jl 


3*^Lftll AaJL Lfl-JJadjI SiC. \ g"r> ya (JjJaj I^JC.^)JUJ <JJ_yJall *(10 17) (J^ 1 ^ 

.4afc-^ a La^)LA,i 1 ^pl^)3 laLujI (jjlJ 


£>»SJL ^jL U 

. ^ JUP Lj oUL^I Ijlj L*JUP ^ ^U^Lii-l 4j>r ^il 4j ^iij 3 (3 J S-^L*^i oL ^ 

s, j-siaJi ?P yU^p\ j 1 ^ 1 ^}*^ 1 ^L® .4j>«PJ il ^ jt ^JLp 015" 

l»ajp ^ji^j ^1 ^_li (.j^i ij>*i ^ iij ^ liLi cctJLl 015" li]j ?«,! jJr' L_3^Uil 3 

jl5" !S|j ?£cJa~*J| Jp obr ^y^JJ j Jj& iff-Lil fi. 

L4Li fr fj* <JLp 0 J {, y&}\ Jjy* < yi' iiL® N pLU 






^/JU AiljLjj LgJL* {.lytl ^S"" AiP A^pLsrjJl j-3 » bLL 4 A^jljyi P 

?A>-JJ ( J-A — ^yojJL ^yL a yM (J c£^ -^y N tAjLgjJl (J yp) 

4jI ^jc^“ L£ 7 ^ ^ o** J ^ j? y/ .3y>rj yP <Jl y-Jl yP AjL*r*)LJ ^ip (jyiJl ^ ^JjL^ ^y^ 

. A»L«lS\j $\~'aa\\ ^>Lc 

4j ^ plaJ 4 jLj OyJl J>- jiS^flJ ji 7^* jy 4<y 7 ^-fcSt j y^ ^L'j ! (j 

.y jJ^jl)\ j jjj'bH Aj J)A$ ( ya$ J ^sjUj jP ^ U:: ..* .^y*^ j>j^ 

l) .^LJL*J l j*p *% j <Jl j^*Jl IJla <Jly N 7 $^-^ <— ■>! (3 ^y»^L ^yL (_£*x_ii l — <• 

jp *jUl jJUii y* 4 _J\p o^JLjc* ^Jjtij yi4 J clg yaju ^ 1 p oJl»Ixl* 4j«»>Jfg;fcLl j aJL ^SvJl J j — flji-l 
4 ^ ^ylj y« oJA (_£l (Jyl^fcJJ O-LjJl (j j£j j/l ^\ yl ^ jAS*s\ — L*3 

Jp 5i0aJl j o-iUii 2cm e,L£\ <±j jJl>- i_. ;■.*») oijJt- j! CjLo y?rj Li] .Aj^L* f.L«M <J jA^-\ oJlfc 

, l g - ■*» 0 * ♦ A-m* yoJL* CU -wt^J (J yl^“l 0^i_A (1)1 y* yP ^ ^ 


Zaja J\ f^A 

iJlft yP AjUtNI y£ ^ M ?Or y> <— j! JaA>\ jl oL»-^«Jrl J*^"^ ^ 5*~^ 

. AI>- y» <J jb J 40^i y J 4 (1) y Aili? 43^P Jl?t jJ . * JsS A3*^-! J 

Jjlaj 4 JJ ijjlIIj iAiUall 

oJufe Aja^-1 ^il aJNAj a~~J? ^ 5" A3lL? j jyy J ol jiil AiOaJ! il — ^] j — ^j: 

; 4juvaJl 


e = A/ 

/jj 4 (Jj ji>L) 7$^^ A?r ^il C_jl ^Jav£»l y 4(J J^rL) (J y yiJl ^ d ' AiLUil Q 0] A^>- 

.10 ^ x 6.6262 Lo y6 (j jL-u y*j 4 (jMyb <~j j*j cujIj 

1# 

OU 4(AJliiL t^LL) 7$^' <— ■ ^ jLisil ap ^ cj tL« jJLjc* (t^IAj) X a^- ^ il J 015^ b] 

e = hc/X 

! L^jy^; ^Jl Ailjail aJN J j j y yiil A?r y* J jb AAjL*J| Aw.^ll 4 -^ y oilp] ySoT 

2 = Ac/e 

/ C ^t ■ « I he ^ •* ^ 0U 4 ^ I A jl j * ^Jl A . ■ — a* i*>y A . . .. *lli 

■m/s 10 8 x 2.99792 L>' ^jL-J c uSl 10' 25 x 1.9865 

(5-17) *JLu 

^U^aJl ^ nm 550 a *>? y* 0 y <j& <3 AiUaJ^ ^7 ^ 



yJ\j J t oU— Jr' J oUl 


(5-17) J* 

^ .550 nm = 550 x 10“ 9 m = 5.50 x 10” 7 m S jb — •' Ji nm 550 J } — >■ 

:i*r _jit J AiUsJl 

e = hc/y V 

= (1.9865 x 10’ 25 )/(5.50 x 10' 7 ) 

= 3.61 x 10" 19 J 


(6-17) AlLu 

y 10 25 x 1.000 kil-Lc olj_jj ji y J < -r^ J_jl» y 4* 

? >1 tU*X>\ J ami 

(6-17) Ja. 

X = /7c/e 

= (1.9865 X 10" 25 )/(1.000 X 10' 25 ) 

= 1.9865 m 

'^1 ^^jJI ^ yl' y* ' jt .(VHF) '*x>* <JOJ' t ^ ■ ya_. 


uaC-Luxail JyjJl ujlau 

ccjlif ,j5Lio 4j:tp C, j-^aJl 4^^>- lil ^jjil 40 J-Jajl olj J J Jy O 

cu3l£”" 4 jcL?L- «, j-jaJl lij jl oLpL*JI jl j^UjJI j! jil\j Lg_^L5 ^y__$s-C 

)H J 

CUjIS* li| AiljflJ' Lfcl o U*w Jrl d-Lfc ^JcuzS* t j5o». .4jlil0 oUjJb jj (J-btC. lili jj JJa^ 

i*4Jrt **>41 .>' fr U ill j m/s 10 8 X 2.99792 , ilj_^s 


(3 1-Jajl jO*50^|l 4 j ^Jsu iS 


I .*Ul 







. 4P j»«*Jl 4-Jl_P 40^Jrl 4;jJJl Q; Lo. y .*<3r I *} ^5 ^ll S-^JaJi <3 il ll j 01, dflJj 

jJb { J ^ U 01 . ^ii f. jQa 1 1 4-^r ^il 4jtj*jaJl ^ip Ol-^j^S"* 4 jwLJjL2.11 (^jl&LjsJl fj ^zd l <OyJr 

.4j y>-*lll dJJj l# JL>- Jj, ^Jw^J 

ijjji £*f ■^-W(J-^ r J'j— ^ c r'^y 

cJjJl>- Oir j .Q U : , > OL&Oj 4-j j^-L>- ^Ip Lj J- 4 ^" j> jjy 0 jJ Li <jj ^O 3 

.41^ bswL^* C | J Lfl )l ^1 p Ja^j (NvXOJl ^ 01 j- ^ il -(<31 ji |J0 — » 

>e jL*i?L* yoZ y\s- JjplJlJl 01 tolwr U jSU j^2 ll 01 IS} 

4Aw2^*j ^JJL* Jt? ^ip J^lJLJl 01 cr-1 j-»^l j 4 Ijl la* t j-^a il 01 ^ 

^>«lJLlJl jja>- O .c-^l ^k-v^l ±>r y> y tjOail :l>w>lj ^^J-l 015" 44; y*j]\ oJjjj L*JLp .c-^jLlib 



jdj/b : £>LJl J-tfiJt 


A*-i*Sfl -XpI^Sj .(J^A*iJ| <J$ LfcjJj£. j*-*\ A?rjll oi t((l 1 — 17) „,ji) 

tlr^J jia^Nt Apr £-« .^ldijl <j i?Uj J,J ^ yP } -UP l^vaxj CJtlfj ^jblib 

\J\jb Lg-LU- (_£ C^L>.vs«>. 4 r i (_£l ^P ^ ^C^b*****^! ^jA 


tj-iaJl aJJ-j ^JJl JaiwaJl < jP bL* . 4->^>^. ? i- A».%Jg f. j «,Pa 1 1 jL <_£ ^p! 

j! ?|» J 4j>r £ j^aJl i Jj& (_£ yw? (C^Il5*\j) ^jj ^ 4il)aJl p_w-Jlj AJl^*l i_iLiUlS^ 1 /^P bl 4 

?L*-£^4 ^j^ajU<a>- l 1JJ-£ Lixi eJill^ L T^ ^ 

^Ip Ja^- OL) ti L { y JiJ ij ^rb- ^jLp t jjj 0 j3 tojJL 0>lj jj ^iJl c-i-ii (_£ ^r 4ji ^lil 


AajJ - I C-Jb^ jJ ^UxwJl Jp ,J>-IJUii J? jJa^P O’ ^ls> j oJLa Jj> t,\ y>r\ f ?^L-o- ^Ja^- 

. ( 0^ * * tfi * 

JlSsJ^I j ^Joj t3JLi.5 J5" Jaii Jj>-Ij £%U~J\j j»jJa^aj O-^ 1 -U* Lclp ijjil Jjo?- .aa* b> 

oJua ^JCj .((12“17) J^sjJl) *-4^ <j^ <-itS** ^ o Jbc AL-^ailj A^lbll Js> j laii-l 

t. * * 

.AjljaJl ^jS^~ l g — A 1 ^A*J 43Lw«J>,l 

A>- J ^ 1 ? bLkiPl jJLiJi Jp JaL^- ^jj! oli y jiJl J-A ^oJL^S”" ^jt 4 Jj v^Jls^ bl 4 

t(jxA-dJl ^aj 4iU-si.l ^4 ^Jj 2 j >0 j! Jl>-Ij jjP jiT. Jj>-Ij 0 jJ jaJ ^XJT ^JslS' ?Ail*J (_^JL_ll f. 5' 

J! oUy jLU jt jOl ^ J* ^^UJ! JU- Ja^ Ot ”a^j: N” j! "a^j:” ^1 "a^_^ m Jl^JL j 

<L ^A (j ^—5lp J^*io oijybil o-b^ Va-^aj c-j ^ il <J (j^jJl *>b^ J 5 ^ J& — z 

?aJ y*S^> {J , JJl y>r\^-\ ^ jj f-j-iaJl ^jP 3j^U<aJl C->li jj jjiil 

<w->j^4 j^iij . M (jJ jit*iw4 ^ ^^4 ^JjJl ^ip Js>LaJ-I Jj>-Ij ^Jistl* £jjal«* j t J j d (j\i >-LU 

.A<i.i<a;4 A^jJ jb tA3 ^xil jJj . I «/2 j 1 oIj ^flpUa -Ll 



t j^l^. ^ jjLiJl ^ £jj ^ ujUji^all jjj-« :( 11 — 17 ) 
.^rl_^aVi (J^l-iaj A^-J UM (J^ljj Jl£jil 



tfrUuIl J t oU~J -I j «_jUi 


ijjaJu 


• vwm 


gr^ j* 



fj 11 *? - wA! jjjaII ' 4_^. j-all CLjbaJxuaJ £jJaHjuij L_flj£ 1^12 17) 

(Jl£juj 1 jaua\ j ( 3-0 £jJ 





‘duU-*! oLf Q. »>-l lil Oj£*J . ' ' »-UP ., i^ a^ l 1-I-* J3 ^ •$—£' 

.Wjb&l 4 jU 3 0 - 5 y* 4 j^>rS/t Jl Uip 

1 .250 lS y* 1 ^ ** yj kHz 400.0 n y OtS^j cU^3*j £-* jol j o^yrs* t^y- * 1 

9jUi^l y 4^bJl obi yJl 3 * cMHz 

kHz 320.0 (a) 

kHz 500.0 (b) 

MHz 3.125 (c) 

MHz 0.850 (d) 

?SLi jb j- tyf 3* 5 jLp aJUJ! jr l r S(! J*Ut </ .2 

Ja-^M ^Ja-^ 3 LP oU>r (a) 

3 v*3 (b) 

^yki <3 £^y^ (C) 

3 ^ g.L/3ii)l 3 (d) 





Or ^ jAljb : jJLp £jLJ| 


oUaJt 


?Hz 500 ^Uy?l os- y* J j* U .3 

mm 2.00 (a) 

mm 20.0 (b) 

mm 200 (c) 

. CjI* ^ ixil ^jA 4jL~j>- \ (d) 

4^bJi (^1 (J .4 

d3«Axy* 4 jjI~* <J ^>- ^5 jJwl g-^ya ll ^1 ^*1 (B) 

4-jl f.1 <J^>- 4A*Jsi)l A-jLp 4 -j ^y? ^ I ^*1 (b) 

.S-Lo 4 j jlj J ^>- 4JLjaJ! 4 ./a,A>L, X a <Lj £ i r i (C) 

. ol>jj d4* (^r^* ^ (^Juc. ^1 j*j')i\ <b)Jb-t^- (d) 

^ jJiJ 9wL>t f-jyaJl jLa^JI 4j Jaj jyJU .5 

.(JjUj 4^UaJjl Jjlp ^ jybJl 4 JJLj la*., all (a) 

. qlpI </ ail J5 4^bJl (b) 

.^jL* £rja~** ^ jb«^ji (C) 

■ £ J* (_/>_)* Otjlt (-j*all 14 jX»i ii Jai\ (d) 

? J^-I fUoiSl (3 in 300 Iq&tja J_ji» ^Lrf x>ry jj-i jA U .6 

.s 10' 6 X 1.00 (a) 

•s 10~ 3 x 3.33 (b) 

.s 10 6 x 1.00 (c) 

0 JL A 4jL~a- ^jS-Lc N (d) 

Ay ^yiJl 4 — aJt! 4j>t ^ ii .7 

.aJUI^o a^-^JI 0I33 ^Jl <jt£ j Js£ (a) 

33 y j ojyaJl j5" (b) 

. AaJIp 4jLj& O3I3 Aj?r ^4 (C) 
.A^OA>tJL4 AaJ? C3l3 4 jv ^ 4 (d) 

10 20 x 2.754 dJlc oli y y y* «-4 o * y J y* U .8 

? >1 f.UaiJl J 
.m 10 6 x 7.213 (a) 

.m 10' 6 x 5.471 (b) 



j* jJ'j ttUaiJlj tOU <_jLil 


.m 10~ 45 x 7.213 (c) 

.m 10~ 45 x 5.471 (d) 

?Hz 700 Hi j Q, y> v' j dyji JS' J 51 AiUoJl U .9 

.J 10" 31 X 4.64 (a) 

.J 10~ 37 x 9.47 (b) 

J 0.00143 (c) 

»wjIJ yy . ^ 7J (d) 

^1p (j^jbd iS <— ij Lj y»J m/s 335 ^\y^l\ j. l . J .10 

?Hz 440 jdl ji j k-4 *>?y J y U 

m 1.31 (a) 
km 147 (b) 
cm 76.1 (c) 

. ^LdJ oJufc y ^ (d) 



— J . IJij — fS' Jj — a*~ A — Ut £ coU^jj^ — llj oU i^U^r.A ..it 

!_^U f \^^j 2j ji (JjjLJ-I L*Jjjp .-a**-, — Ja;* * Vj — £>* a5~ j — Aj^>^ — Ll j 

t A- jIj j A »-» d-Lv*> j **-** « — £• . 6 j^*S~ 4 > ^1 *** 1 J U, . ■ « £ 

S ?i^Silll 


t * 
oljolj .4_4L£jdi <w->Ua$Vt lA> 5 cA~*S"\*lll JsbUll <s\)a&\ <J/u u^obn-X )l **-• 

(j J -iiAi d oUL~-« UlTj jaI^ oj^ J-Lj . LjL^S*" Aj j» L ~. £ <$&■, , ,* 

y* Jjf J] <_^>U ai^l AiLJkl d^ljj <. APj~~j J jii-1 siU&j J*$ -«£ 

* * fefe.|pfefi'.lf> 

.^*14 V ^JxJb f.Liajt]i <j JjjU-1 *AlT tb ^iaj .[^^>- £^az*»j {£ yt*aJl 

J? jjas*- j ^SsJ ,<iJJL*Jl <J ^>- iiJLL-Jl jlil ^[j jUi$ 

J? j^SCj £LJb ^5" *>Li>- U¥. Jj y £&1J . jLljl 

£• -LfJrl ji jl~i\ d-Li U-Up .A^^iJl J-n^Uj (^ j-^j) jlj^l ji] Ajjl y ^ — fL JpJLX.^Jl 


. AjlL» 


Jlj cs-UaiJlj o 'Lit 


U&d JjiaJt 

* * ~ * 

dl (ji u¥. t jy*zl/ (oL-M ^ p) r- jJJ ji dULJ' 3 uJ-idl jLill 

3 >/a ali (3 lijj-i d^*^*' o*i> . ^jvU;' j*a ^jIj ^$ 5"" d — a>-j — JaJJc* J— ^ 

Jp ^SvJl (jJiJ-l rjA (_^l Jo*U£ Jil Ju>LpSfci 4_L» ji? c^lsL-i. ^-3* 

.g .1 Jaal l (j jlSl* J \^ 3 l ^aju Jp oJuIjCL* aJU-I dJLfc 3 4 -jL J jiJ-i 0 .oJ >- 

^Lj 33 JJ Ja yfrst- ^ d^ ^ J- 4 ^’ £*^' d — d^ — >' a' — dj — £u 

- ( 1 — 18) d^-iJi 3 ^w’j- 4 ^ 

^jbj^l! Jiiil! la jlai. 



3^^) -la J-Uik. 



jUaiVl 6 Uj 1 


A jlSLftH ^jtjj^lj ^MujalaLftll 3* Ja jli^ Aj j5^a a j - »j ^ j j ^ A^j-o 1^1 18} 

. la J-Lk-V 11 ^JC ' JA^D (JS ^^Ic. (JiaJl (Jam . (JjLlLa (JSjuiJ oXalj»Ix«a l l jf 

t j^T d*^ (J j' <iLLJl 3 j ^ s-^ ^ d^“^ — 4 

# # { 

^ jJi lJufc f.LiJ'y Ip a*j J)d\ dM . L^ip j* ^Jcj j! ^ ^ .^jL-jj jl Ldaji d — > 

{ y>- j* U2J \ d^' ^ (j^d. d*^ ^ ( ac ) jW’ j* Jj — j — 4 

,oL ^ j 5dl ^1 A - - — -,)a.-.*.^ 1 ^ ^A^~\ a}s^m\ JJ ly». a a,~* ' 


<s — j d — 4 f — S' 


j A**- 


Jjlaj JJjjli 

J* £ lj—^1 Ji— J 


on/s 10 8 x 3.00 J! sjU- ij*J1 ti* s-iy* 7 -2.99792 x 10 8 m/s (1.86262 x 10 5 mi/s) 

0 L-^*P .33 j$\ 3lj 3 j L j f l . >i ail ^ 4 ... j.-iJi . 4 ^La 43P ^ ■ * fl 

# o 

^ ^iJl L-jlp j .Lj km 300 3^ji' d d 9 ckHz 1 b jL^* v- — d ^ j — ^ j 

mm 300 a*-jI' dd 9 tGHz 1 ->-> Uj-p .Ljy£ m 300 A^-ji' dd 9 tMHz 1 

* * * 

£ kj jA> mm 0.3 ^j^Lwk^ a >r d^d^ o cTflz 1 L^iXip^ *3-^ a > 

j» 

. Ji-^- 1 A-k^Jp dl 0j\X v? ^r yA 



Jl£*f : 


jj^*i y*l (Jiyl^f *XHz 1 i y 4 . } ***.* & A^t-yll 0 y^> 01 y 

cM Cr 4 m 10 10 fyy~*ity jy^s> .(A 10 5 ) 0.00001 AilUy l yA* a*^S|I 

OjJjL (c--* y ^^u*) jQs^ L^i ^ . J»,<gtf li A*Jlj c t r Sll Jl>t J! ijli^J *L_JJt 

_^/L// ij j>-\ iJj>-j ^bSlI »j-* * Jz* tUliJl J^iij .A 1 djb p~>»s- ^3A • jiA" — * 


.lnm=10 9 m=10Aoi C-s- ^> 

cL.aall J} ^.^i» Jii- IjJuL* ty jdJ (jJx* cX 4*- _yl.t J jb Ajlws Ot 

X = 2.99792 x 10 8 // 

jl* Jj^jLUj X J*-? J-'J ij> J* jXSOt) fj jj> X J*-t ^ I4— «j J>s. 

(mm 1) y 1 :oUpl*ali olfob XI . y y UJtIj f* y ybib X yj cy y fj 

.m 10‘ 9 (^jL-o (nm 1) y y‘U ly 1 10 6 t^jUi (|im 1) y y^U ly cm 10 3 i£yU i 

yp- yU f-Uai) I J >6^" ‘ ‘X **-y^ JyW ‘Jr* y^ sf **. ^ **? — ** o — 1“ 

. Aj 2 jL^*J^ 4. w *«|A l l ^ Xy f Cf£ « A«. ll 1 

f= 2.99792 x 10 8 /?l 

f Cj*3 4 y ^Llb Xy y yi*xJlj f ( Ja -1 a«;<^H oAa ^J-*xlw- c<aSjL*JI 4— il^M <3 I 

.y> yUL X$ y j* f a* 3 c r* Xj y UJ.U 

s jjis jiiil 

V .f jJ l^3> ^Jl AP yil ^JL-^I o^uryi jJaj Jl J v-J? ^Jl J yj-l ii_J 

^11 I j&\ y jSl a jj ^\ n yjl o^Lj JUP -y~~P JL>- jJl 

^f M jt (IR) pi^l C-^ jl- (f . jl jt .oOiJbr 'yiS^f Ori y U ;li c^!>Ua_ 

.(Y) 1*Lp Ajuit ^ CX AjiJ^I ^ C (U^) (3 J* ^ C^y jll f- y3x Jl UJjw jL ."fl j\ JA 

ob : y A*** % Jg ^^SsJ I (_jyi^ _ l 0^ ^ -7- « 

capLwj A^r^-»JU c^j • Ajy y ^Jl 

^ytsjJl y 2 *-} A^Irj . Aw>» j jAa JT o jl cai^ cjjf J o jy j\ ca; *- J S^ ojy jl 

.AjiJl jl ^L" ^ ^ y ol j^\ j 

A^uul a A a jaII Jjla ^ULt 

JUl {‘A^J .a^^J! Jl>t ^jIpjUI ^Uil f A^J 

(2-18) y c^jl— ^w^y .^l^P jjP ^la^-1 ^Liil Oy^j C^*^t iA>- jSf ( Jjutllj 

j-^aiSn A>ryi^ Jy^ oL4L a^ jJJ JS^ Ja*j ,y> 10 12 (Ji IQ 8 y J^y^' ^y^j^P yJ y^y y^y 



JA jjlj itUiflJt j (OU-Jt-t j i£\ o^' 

I” 10 8 m 


ac a^um jLii 


Sj^aS AjjJ-ii j 


800 nm 



700 nm 


ajlA\ -L 10' 12 m 


400 nm 


300 nm 


W 108 J jla I A-iA.y31 Jl -US £ jJjj ^311 ^ wijkjfr£3l <■ fljlnll *(2~ 18) 

<- AjS 6j£La Ajj jj m 10 <jJl 

J Oj ‘yUli l*Aj^ <L<*3 *■ ^ Am*%«J A^X^ J l jj • ^ 100 0^t«A i* l « /3 » tu 

‘yLill aOpli J Lj y UIp 4*J^1 Jl jLio .lJL>r J~\ ^UaiJl J Hz - 60 ^ ola ac a^s- j — - 

A*Jai Jaii Jiuiu ^Jl g. yall jl Lj* ^->1 jJl y • 1^*- 'jyw? ySJl y J jb jj — lL~ — >■ 

.(nm) jjLJIj ^yLxil (3 A-jJ*! ^t^yVl Jl_^l Jl j j*o , < ^ajai ! y« l<-L>r o 

!ol> U JJM J* {£ 

c^jil £ yaJl ^1 yl Jl jb\j 4lidJ A r ~Jb jl "oiiUl" yw5 <_£JL* y- o ^Ssi ^Jp J y — >JJ 
y*S”" JSJtu (3 -y^ (jjjl ^ jr^j 3 jL* >4^ AjJ 23 jjP jl JjL>- 

jljjSfl y jJb>wdi V .3aii aJ ^ 1 ^lySlI Jl ^>1 y <j--> AjS| l-"3i 

^1 J^J^ ^j . P OjLp JS"" j^^t! t ^^“1 yLi yP AjJj <-Llp t^UL* . j i l a il A_alx>e_Ll 

^^IjJI y^Sll yiajj ^>LJl y^S 1 ! oy*S/15" y s-j j — ^Jl 





jl iUji J_?r JJ V ^jSlij oL>rjJj 4 jc*JL« 01 jJ^/1 .(3^1* ^jl£~ 

<Jlj^>-Sll (J-siail 3 *1) clu-pl (J AX**-* j^S/i OjDl ytAi Cj IS"~ .OjJJl ^jJj <3 ^ j — -ju 

.OIjJSH ty*-*-! 

ol) jJCyiil ^jA \j jvlil <>J-g->rS|l £y^ 3^^ 4-L»l^J Jg c^fi-JflJl JlgM w\; P 

^1 j^'bfl <Jl <Jb£ ^jlj*J . 4 j jjL* LJ yS- 0*1 / 0>L *^AP Ojb5^ L^-X* ^\jlIL^*i ^Jl \ g «»> AJ 

J y& nm 390 J,i ^jdJ Jji? J y&^ Lj jA j nm 770 j* LxlpL lg— ^ — !l 

lj\.^s&\\ 4 *j ^il y*^\ (Jl jig I j^Jojj c L.: c pS/ fi J^" aJL jjgJl 4-u ^il £- I j^^/l <Jl jitf> I Ajllg ,4g»- jaJJ 

C jOag^lj (, jA^g^lj C<J,Ul>jJ| OljjL L-g-Xj A-AJ ^Jl A-grjil Jlj J— fjij .0 V*IA« AJJ 

•yr'Aj “3jj^'j 

(1-18) Aiyu 

?A 7400 i}je ( AJLj <^4Jlj ^A/l jj-U' ^-*> > ‘ »y j* L* 

(1-18) J* 

7400 A = 7400 x lO’ 10 m = 7.400 x j! ^ .i^ji\ J> aJ^ j:> ,jA\ r j^ — 

:Jb5l J5LiJt Jp / >t af ,jA >\£\ ^i til . 10' 7 m 
/= 2.99792 x 10 8 /A 
= 2.99792 x 10 8 /(7.400 x 10 7 ) 

= 4.051 x 10 14 Hz 

Cj ojtib 4jjl» li) IJL® jS (JX» jf- a OJjlJap'y .THz 405.1 AjstCiJl oJlft (J _jl— j 

J>rt Ji y 01 .MHz 100 L*jj y ^Lj ^Jlj (FM) Ijiiy kyiji 

.5 Oy^-* ^v 1 j^- SjLi^l ii jj 

(2-18) 4±-u 

4>- ?t^jjLdl Ja>- jLj (3 (J-^" ^ 35 ’ >* tJ 

,(i<U ^li J SiJj) Hz 60.0000 ^J' 


(2-18) Ja. 

; J J *ij\ Jj isr jil J yo Jj. ../? 

>, = 2.99792 x 10 8 // 

= 2.99792 x 10 8 /60.0000 
= 4.99653 x io 6 m 

J' ujaiil (Jl ( ^si> jSl' JaP- iiLj.1 iJuAi jt km 5,000 (Jt y 4ili — j 

■ o ^r|a ■ . LjIa* ^\. ^ .. t . l l 



cOU-Jrtj vU' 


ELF JjA* 

J yi ~ 1 y*a y Jjk jjSsj . A^ . k y5" Vyk- 4 JIj j^s . Jlj Ajjy^J^I syprS/l y j\i£3l jOj 

JjjtJ-f 0 <-L& O'/jj y* jl . 4jyil Jl <o'i/L^ 2 j'y I oljL ilj Jl A*^*»Ljiil oljLi')fl Jl J^l j * S '* I 

jf 

. ELF y*>Uz-k yk lift yj /u^ 4^aJ^A 

ELF jA U 

.L) y kHz 3 Jl b yo Jlf j (Hz 1 y Jit) j£J>I iiy Juk y tLiaJ ELF — k tJL_> 

60 yl *il |l UJl J Uyi j^S/t ELF Ja>- iij ^JL> .km 100 y Jjti v^r J^' dUi j — >ty 
Jj dJj>dll ob^/ Jl 3 4,4 UJ I 4 -jLj y^sJl 4^JiJl yy Ak**l y oJlft ELF c'y j\j^>\ if j£ .Hz 
olyjl 4-ikl* 3 ykrl tililC .(Hz 50 Jjkl J***' <3 ^ yjt jjS\j) yS/l ^1 UJl Jji y JjJjjl 
yj^l ok ELF j-lyt Jin" ,oW. jJL JUTAJ ELF <a>oll Jl J 

.^Ip^I obi yjl JlP 4j yil Jl ^\ y H\ JtiSl y jg T aJU* *lLl ok J 

y^Uw'i/l cJ^Ap^l JjL/JJ y 4-JlJ ^LOs^l J U?r yti£>ik/ JJ ylfl £ £«*£/ yAk-k ili 

J x AjuM JJ yT jyJ ELF J*>- jl . V-J? y&l AilkSl y j£kJl Ik* y jy y jkiu k j — *11 

Ajcjf ELF Ailk AjJ V J .dj>*S" oLp y£ Ig.alT J bl O J.I j y J.I jl / jU. ^Jl cl *lp A* if 

ELF Ja>- ^ Jb y) . <jjykl k ^ tAjLj^Jl IR 4jtil J -xJLLl jlk j— o aUj^ — L l UV 
ELF 43 k y aJU ob yol oS/l Jj y? ytlil kLjjlj fr UiiJ l y 2 *j jJLio j-Ui y j .^pljtil klij 
A^gy^J c^ y- Oy>- J Jl?t ^ yj > y Aj^ . Algx-4 bt*>uv3 J5"li^* AgJUgJail ^ J aJUJI i w^ liJlj 

.2uiliw4 Agjai cyts" 

Ag^?»B-iJl iOl jJ ^*^><jxJl 3 ^ yjl y* 4 k.^ il AjciVl ^ ji ^UJI yyjl jLpr JJ — 

4.y^k y5" 43 Ik LUi CRT y y ay I yi) .lj^ ajIp^ oj ^Jl ELF objy* J. — >-l a* *iS^il 

AiUJl y Jji£jl yyw^SOl y ^ y-^l s-ly-^l yj ^ .(kii ELF obi y ywj — Jj c ^ IpI olii j — li 

,y--Lxl J^Oj Ag*»wk yT 43 Ik aJUJI 0jAir*|(-all ol y yUj \ .Ag^wk y^Jl 

J^b 3jyo yiJ! s-lkiilj oUjy^J^fl ^^kjjl ^bp jj-kJ ckjlkl ^LiJj cCRT cJ c^j — ^ 

^Jp'yi ( y - j j^jl J| jL*kl { y A-iliJl bJjp jl y»-0 Ij L^ftbrl oljjy^J*)|l .CRT ^l ?rj 

'i/yl>' oUlil jJy .A-iliJl yp O jy^J'yi 4-4 jk I A ^- y ckl j £- 1 0 >LaL* Ak**»ly ^t-k.1 tcUJ , JjL*S|! J| 

# 

bl J ykl c^JLiJ . Iy>l4l jvJJ JlP Lftyxli C4-JL- Al^tio 4j yiil oUjy^J^I y JpLo A*— Jb'M 

Ag ^k y$3l 43lkJl < y jiSOl JL>ry c 1-4 A^ak 1 ! J ykl Jl^-ilj olilil yi? j .4.,^a>o> olii^ Ij 

Jll3bj .yl Jl y 4 joI| Ag^k ^kJl AilWl y CRT y jP jlpr c_Jly y "ajioII" 



: j** ^til' 


* j ,1, 1 ^aj*x. w . 1 *>...■ ..-.,! b ^ijl^l dj-A 0 ~ i ■< t ELF 4 >t1j A.fl.fl - *-- ^i^l^ * ~ ^ j 131 

y* 4-ELjJl JUbLio ^2J>OJ 4^*El; ys J*}\ jL^Pr 

AjLiaJI 

^jjl ^l>o*>U <L*oIIj Waji Ijiaj . LJLj^i iLo^flj ELF 3ib? ^ Ajli*“ JEsjI jjJL >o 

^yp iljCj'Vlj AP^%*U 0 y w*Jb£ lylT yi ~y-^ ^I^i.1 yy**^S\ 4-iLi ^LL* Oy.~X£ 

(ft 5 J,l y-) m 1.5 Ait^* 1 4*A*j j* ^o^il aij 3 a js-^Jl ol y y-^jl apLj 0? 4 -*^ .A-U-iJl jjJU ^ 

.^IJbtO^I 3JU- 3 ySsj (i 'M yv» JW* ^Ud cA • J^> > 

t4^15v* l4l ^ y- yll yp .ELF Jy>- j t» -i <»*' y 3 ^ (J^*^ yi ^ j>? y> y 5 ^k-1 j — *•£ 

y > ydl yP <4Ul JL.Sfl dJyw aLoM A i s^ s a}\ OljoLlIj < j^bw*}U ^*>L-Jl ^JJqj \ £l \l 

• ELF JyiL 

dJUb yzju . y ELF ol^lpil £* A3 y~A ayprf dly*-Sll yju (J <y yo 

jl^>r ^bs-j ^L»l ^ $ m ^ A-^dlo* j y£j^ r I oLEbiJl (^Jj3 jj ^yj J' ** *j prSli 

.j>Ul s-yEaJl y!A3 j jO>- t£A3y yjJj .ELF JyA>- c-A*y ^jJ c jL*Jl O*^ V ^ <,y j*Jl 

J-ia3^l y ^LJbJl ^Lfcial c-jJbs-j ^sUjl iJ*y-j alyjl ELF 0^23 Oj-Lt 

ELF C - ’^> El .jj>i I jjp ^*^p*^|I ^ j*/gLl ^^pj ^ lAjIkXrs^l ^ «£ 

. A^^i. *m*)1 t. ^ >1 \ j ^ A ^jl y yjifc^fT' ^Ep !«X>-I ^ EwLwxl cE-IL^P AJLj ^ ^1 ^ ^3 

RF ^Ij-t 

.mm lj km 100 jy. jy j- jt j lil (rf) <Jjj^I ^ylL ^Jl ^1 JL>^1 ^ju 

.GHz 3000j kHz 3 uy m ^ 1 c jly lit <^t 

RF EyJ Aoa<ui ij]| 

.isr^ll djbj il'b/jj <J J* *-*}>■ y '■ii*' ‘r^r* - J>i r f <-**!» [ » -» - ^ t 

Aj&LdJfj tiJbJl (J j* J cfJ^r ZJbdfj t<Jbdij i^Jsu^jlifj i4^a>tJilfj Ju*- Z^aJ^df (j^bj ydb ^yL I a Jjb 
cSHF j cUHF j cVHF y cHFj cMF j cLF j cVLF ^ ^jL ^>J ^ ^ . tUJU l^Juflj <yJJl 
.j}-\ frlEaiJl j A^ryi'l (1-18) Jj-Jrl 3 Ajj-i- 4 .EHFj 

^r/y-y/ y/ <1j jJsJf 4 j yiljJf £ fy Vi LF j VLF ^y>- 3 AilWl .^yLl dEA aL ju ^1 j j 

jSsj |1 ji *j&+**lt £tj*yt j I ^j^Jjf £ !ja yij uL>-Sll y**t 3 HF aSUs? ^p^j .zbjJsJf 

cdE Ajy^l J>\ ^pEj .(aXL-*>UI Ld\L^2j\l 3 fyJl ^-3? ^SsJl ^1 y*Vi ^ 3 ' 6 jy&* 

.4jjj£jLLl g-ljA^b OLwJ-'VI y 2 **. 3 Aj^*^ obi yJl ob ^ly»Nlj ^JL*Jl iijli)l obi yJl 





•lijjll AJV^j S^Ij AjjJsIjj Ajljj* ^-#3^ l 5^ «&«5 *(^) i JjJb :(1. — 18) 

J>J 


4a> 4A Jjla 

jjjai 


km 10-100 

kHz 30-3 

(VLF) oljjjill 

km 1-10 

kHz 300-30 

(LF) *.>.iVw.ll CjIaj >11 

m 100 - km 1 

MHz3 - KHz 300 

(mf) a 1^ > ujo^ii cj! jjjoii 

m 10-100 

MHz 30-3 

(HF) aJUI CjIjj J ill 

ml-10 

MHz 300-30 

(VHF) ha. hlUll ohj Jill 

mm 100 - m 1 

GHz3 - MHz 300 

(UHF) aJUII jji CjljjJill 

mm 10-100 

GHz 30-3 

(SHF) jl«ll ttUS CjIjjjHI 

mm 1-10 

GHz 300-30 

(EHF) AjUU hlUil oljjjill 


t<lp y*** (J^witj g-Lya flit ( 3 ^ 3 Aj^j^I J l OjI^J)^zSI cl^lS 1 

tMFj iLFj i VLF l# Ip j£-io dJJi • p^^yS^. jr l_y»S/t Je**. y^ .^>r_jil J_ji» i _ J h 
EHF j tSHF j tUHF j tVHF JS jt jf £>■ .HFj 

O-ajVl JlMj 

*UiJlI AjUajl j j£j ctJLii s-^-wwj .^liJ j^i il\j jj 43 liS" Jit llysj^ ^y 2 — j 

aJLp <LjjJtI AjjJtil QjL»^ww3rl .^sSj^fl AJL* ^3bJl O'LpIajj^I (3 JJ^*t Si 

Jj> o jil jLLdl c^Jbi .g;JL*Jl (Sjlrl Js^UJl J S^ldl oljUil Jib X 4UV 3U-itr ap^~_)I 

J^jL>*SJ i,iJLii ^t4k-v*o . Aj^oI J l ^lj-*S/l 'jv&MJ j jjji*-J^jSfl AjLia ^yaX.C .juL**Jjjtyi ^ojj a$X£- oLpLajJ 

. LSo? Jl C-»lii jJl JlJLu*l Jju£ J 4jL-Al dJL*j O^/LvaJ^/l 

.Z) lajdb y&W.A ai^-t .A>w»lj j\P oiiJ? £>J (3 i£ J*Jl 3 ^A-l cJ^Aiii (3 <jjtlil ct-'-A — £ 

0 

V . jLgJl gb‘t Jaii ^nJ» J^-io fcja-j* tj ,jis (30 mi) 50 km (j-L J J* **y*y 

JLp E Afl 4 alt Jbrl yj ,oL>-S/l ju 3 S^rJT J> tAiL*Al oJLju Ajjj.il Jl o\lya7 VI 3 Afljail dJLb ^ ^*J 
3 * p-ejl JLp t J 4 JI j J^N-io J^r jjj t^jSfi jy Lj^iJ (50 mi) 80 km ^JLj jl 

,41m obi j 3 ‘Oa— ^lil Aj ^)l O^/Uaj^l E 4a^\\ . jL^S/l ^yaju 3 JJ^S 3 <ji^S Aji>-^>L» 

^ f.Lyail c-jUrl 3 (J^A} i^l ^a-JsJl -^»-l -F2 <aJaJlj FI laJaJf ^^Sfl oli- — Jail ^ P-Jj 

JLp djU !AJ Jit jt jfl F2 isjal! o^rl jir .(125 mi) 200 km ^Lj ^U; j\ — Sj ^ j^S 

tFl Ai-kil ijtiZ Ujl ip tu > j^l jJQail ^jU-I 3 j^l jy (180 mi) 300 km jJ — ii jl 

.F 4aJaJb aIjL^j /^2 ^UjJaJl 




Jl£*l : jJLP 


/T2 cFl <>E iD C^bujal) olpliJjVt (3-18) ^ v^jJ 

A^aiSijll oli.5 oli Aj^j J\ ^1 jLilji aJL> Jh9 ^Js- y 2 *! oLa^laJl a-L* ^ ^ ’U^J^ 

VHF Obi jj y* <j y>- AjjyU*JjjS/t OljotlJl Aji^*!^ ^SvJT . aJIaJIj Sja^- jlllj A^ajbAtill j tlJj*- 
jJLp ^juja-aj JaJii aj^jT AjL^JJ o~Ljc A-^JL*>^Jl oVkaj^l oLa^laJ! aJLfc Ja^t N . (^^pl ^JuJaJl y 
^Jl y L js MHz 5 y jcu*H\ Ob: >JI ol: a, jp! J\ £ l j/fl Uj ^ Uj Ji 

5-UajiJi ^ g r l fl^ ii 

(mi 180) km 300 :F2 AiL 



(mi 125) km 200 :F1 aL1» 



(mi 50) km 80 :E aU, 


(mi 30) km 50 :D aajlI* 



Ajj^all JjIalLdl a^A JAJJ . A_iOajVi QjlftjJa I ^3 — 18^ 

.Ajjpl^il OjI jl Ajiiula^SlI ^1 y*$\ ^IjLoi ^ylc 


^■ UlAAjJ i JsLuklil 

<* * * * 


.\jjx- \j-£ J bjJ.: j>ki Oj^J ,AO*» Jl AJU* ^ yki Ji y*> A^^-^jj! £jLJ^ .P P j| 

3 OP ilpjl l)j£j .LyL" A-U* 11 Ujji £-L j . £aJ} OjjJb £*Jl ilJLpt j ujlaiil IJla 






Uaillj rdJlill ol^l 


ci! * Cr* •V i *** iS j*-^} (j-JaoJt ilJipS/l jvcJ • i\L\./*a\ ^ is r-^ j£\ ojIp <■ — . J iJ' 


) fj iF2j FI oUjaJl 3 MHz 70 ^ ob j^\ jbol J?j y* JLp v*^oJl ^iJl Sjji )$ 

0 /L Y Ujllp .£ ^LkJ! J jUtfAJ MHz 200 j 150 o* h3\^\ obi yi\ ob ^ l r YI jUiil ^Jp 

^fOa^oYI iiy jt) (MUF) ^UUl pjzefyl jjydf j^sj jji — ilL » 

<*aJl 3jji 3 MUF O^Ssj . l£ jb3l ^jLj OS/ L~»« — > lb — aaO* — *JapYl 

.Ljb j£\ jLJl oobil oS/ ^^LpI tlgo yLib jl 

3 Oibj 4***«***J«Jl O^l^jbfcAJ Yl 1 ,^«m«»»a**J| ^ Jsi - ** ^ip 4 j2mP AAv^lp jl^*JiJ^/i 

4-JLp Aj^teXil iJJ) b .^ » b r I ^jA Qjj\yL* A^^SCl (_£i ^^bll ^dli 

01 U. .jbbjYJ JjS/l j^JaJl ^ oIpL- JUj J-s<aj J Q.Qiill 3 ob. r ~:M oJ-ft ilj — >o .ip ^ il 

4jL^>Lc- 0 b>-Yl (3 jS^i ^^Jobll ^JJbM ijab ^3 cLjL ^ jiT ij j^Jua o Ly * :M 

^ JJJl *li! 4Jlp oIpUjjI Jp % jJr\ frl^r jf "iJUbJl 4 ^ 11 " <JT y JUb J 

obi (3 oYbaJYI jf 3 'j® jbibYl -^j / 1 j £_^rbb j^ftJii gp J j 

.Ob^-Sfl 3 A^lLJl oYbaJYl ol jb .01 y £j,saJ 

i jA i-j ^iil 0 jiiil 3 Ou U i jwLj (cj j 3 oljbtoijYl ojl^- of 

L A^wm^OOI Y 1 C. • ; < **J b jg^.rgllj f.L«JL*Jl Y . ij ^jjJl 

. ^ iJbdl iisul jIa < 0 ->il j^\ jJUj 


4 ju 1 2 jJ\ 4 a^a 1 I jLuujI 

* 

^pju) o s+zLlf 4->r jlf :il oL5" ^ ^ iO ^ y^ ^i/ 0 tijjjil J\ oYUa — lYl 3 

Lij Ja>- jij 0 i^r ^ll . 4*2*t^2*4 0/ ^i/^f c jL^JKxJil 4>r jlfj (.(^JzJl Ju>- <Ar yC, \*Joj\ 

* * * 
bU ^te-JjLft Ja>- 3b^ ,< -*'Yl oLjl ^ft O^So bjjp J a 1 ^ *1 ) 

3 bj -UP uuxO jfl obi ji ll |»ilawl o^0? 3 ja^- 1 -L*bfcij 3j — > 

3 ® ^Ji*Lll i>r ^il 3 OIjlajoJi ^^Y i^Yi .Jjbil j jb»-iS/i ^jb 

.3 ^OLLl A>r >1 JlJrl J J^UlT i^jSll J^rl >-1 Jgftf .^Sll Obi I^JI 

i?r ^il jl?o . ijiY jiJlj ioe^^fl i^Yb*" ^jp jl o /3jS/l ^^p jil 3jUYl ^ySiicj oi 

3 Oibb^- OL^Yi 3 0b>- ^ll 0^J .Jbfli^l ^?l^ft (^1 3 bl) o A^-^il i**s. ^jllLI 

. j^XsA jqj JuAZw-kll^ C$^~ aJL * Ai^tJkl ©^bi»Yl oO ft 3j ^ jj jail 

.(m 10 JiSfl Vr >1 Jl >S/1 Ob) MHz 30 & JsH\ obi yll 3 Ub ^tiil Uu> o^ 

3 ja>- 3 ^ ^ .Ojluil 1 ^ J i-^bT <Oxja-u 0 l ^JjOOj 

obi ^)1 3 y *b Ja 0 ^1 J ybU) bi j^Ip ij ail^ v — ll EM 



JtSJif : jis> J-Aaii 


.^L-t j£-io ^k- MHz 15 3 ^ JsH\ obij__iil J j V .MHz 15 
£ J*Sfl .ikHz 300 kHz 9 o?. y^l j ol y^JL^Jl o>^T ^>- J oLL 4^da— — il 

'VLojixv-i Liaj tijji jyju tA*v3jSh 3 l?-S/i jut* <j 


LaluU Alt E jIALI 


tO^-io jytdl iJlft 3| . J»jS/l J| <ot* obi jJ ob oIjL2j| Lb>4 E ^jyL*Jj/yi <u-]ajl JL*J 

JL»Js>-I ^ E jLJjjL ^jA . Ja^»dl I-L& { ^g£'>\j c...«».ll Idi ,$£' j~*i b Jl 31 

(j LL?3 jLLxJ'^l Jx<Jl lju& .L) ^aJ MHz 1 50 j 20 Oy jJl obi j£\ J$ lj>- — ^ 4 — 

iO ly^JJsjl ^4 oli* dJLP Vj 0 ^ Jl4 3J>J .MHz 200 J| JvaJ obi^ — J 
.(mi 1,200 J| 600) km 2,000 J| km 1,000 0 * c JyS obt~4 j LL^f oVUVt 

oi yi Jp <oij ^S/l . oi*isiil E jLisiL J A^UaJl FM Oj ^y*- j — ^bJ 

3 3L^ - 'VI yaju (3 Q.«»i»dl E jLisiil ybj ,3j 2 o>lyJL)l c4 */3 a^fcjdl (XV) j aLII 3.- « — ll 

, 4JLw^ (_£i ^LrfLswjy^/l yP J-4 Jwi.«w.4 J^Js*U 3»lii^ >t-dl 4_3^iil 


jjSU - 4j;u]lj 'jjjj' J^4j| 

kidJi . 4jjjil Jl ^1 y*S|l obi J ya*j Silp Jjjj^l 4<_£ilp jjp J?Lio i y>T Jl 

(mi 250) km 400 j (mi 40) km 25 jy r± £jiJ J J 1 jjjjS/S 

^ *yi*+> ^jA ^j v «i)a 4 1 1 1 4 Ja « » ) LAkAiP' c I c Ij Jaj , ^ 

0 j£j L*JiP JjjjVl UkJU .JjjjS/' {j* 4^*jflj ( yt*yaj Jaj ]&>■ JL P 

Ja^- o>^ J ^“J - 5 35 ^ J-il-Al J J-- Jl ijA (>S/ Jl rl JjWl 

o <> 

J dilp Liil ^14 cMHz 30 jl obi ^Jl J jlo — il — y 31 

. F j E oLiJ js> 


5 jl^p- yf ^-3*^ll y* J| ?-U^ill ^ ilj-j J^-Jj ^ 

aJlfe <^i J j 31 /JoT. .Alyt4 A*?- Jl Jal J?rl oi? ^SsJl AlliaJl Ojil Aalalll dJlA .illSo-^l 

.J^SlI t3 4j jJil Jl 0^[L s aJ’VI jl jLio'yi J| 4 yjUzlf >djyJl yLtJj'L O yj J^lj t d ^jbliaJl 

j>-?r«_>- JlP liL^IPl 31 jJ jAOJ Jl 4-JliJl ^jA J Lisp I 4ji3aJ ^jl jZi oJli ^a1*j I yf iij *jl £cJ. u 

j\i^Jl jL^j'y 4-jLS^ jjp { y A <o^Jl dJ-A jy*J •l£_^*I <—3*^*1! J| 4jyPi 4jjljj t < up j-**j t *J ^'ll 
jL L jI 4ja>“*!)L4 .Lj yjJ I jjUI 3_^j 31 3 ^^. 3 ^ JjIj £.Lj! toU j I «L ^ « 

Jij J^SlI od>- y; oliL ^4 <jj OJ^j tMHz 30 3 ^ obi yJl J jjLLI iiyjl 

t 4-^soSl ^>lj.l o^ji' j-«dt ^1 — aJ jl ^ — Lp bLki — p! (mi 1,200) km 2,000 

.JUoNl cjLAjf 



ctUaiJlj cO UjJ r'j tjrlyty :bJbll oUl 


fUaJVI 

(mi 12 -8) jl km 20 j 13 oh APlaJjl ^jiyj c^aJIj <*-3^*51 ^ < yaj&-\ ^ vaj 

<AAb 01 • Obi y ^>0 (O'* ^*yil jil ^ly*S/l jlAjl ^JlP oAft yy> • 44&LL A 

m 15 { y* y^$S/l 4^r yll <Jlyi?S/l (3 b^«> b^*J 4jlil>*Jki 4-ib$\Jl <ob Ajly^l ^J^Jl (3 jb-^j^/l^ 

Jl >^l j W=> ^ tfW ^ ybl UaJ *1 >1 ^ .(MHz 20 ja Jsfj I obij — ill Ob) b^_A 

^ s* 

Uj^p ol joUl oA& <J> yJ .(MHz 100 y y5*"Sfl obi jdl ob) b JZ m3 j* 

. ol jl«jJL^Ji 0>bi Alik oULvmw* jS* O^b^jNl yAbxjd (^ijj (^a!I j c^jyb-yj j yj! jLicj^/b 

.(^y^ri c-3^taJl JAA J 4jyj il yJi y«^/l jb*»5\jl AJLP ^ j^L^t y yyjl jb b lj^U ^jIAJI Ja^jJl A-* A^ 

^O’y^A c 4ib5" y53y b^-b* $,lyAl Oy^j A. ;> t^yALjaJl oi^t> jly£ b I jb-^j^/l lAft 0y£u 

# 

jL^o! 4 j»j yi j£> I iybjl $,lyil jL^SvjI 4jj y Oy^j , iybJl $,1 yil <3y^ L w j l_jujl^-\ $,\ yil 

fiL^yi Aj\ . ( J--“ J3 i y M oliL^. Aju ^1 p Jjb**)U J yAM f.L^-)J oJ-b t£iyj ^ Ul 

* 

.TV y FM A— Jl olyLM JbiiA j iyAAJl oilp Jyy«JJ (^gj^L^jjjjzi! 


^jAuijjjjSH jjUUI 


• MHz 100 (j^* oljijlll (j 4jJJjl LS^ <5 ^ jA ^A"' *— Oj 

.5 bjjAUl ^l« A 1 J ‘UHF _J tVHF Ob:; J jiSlI J> o^U;^l J^O ^_?Ldl 

jJUiji ^l£ jjbuJl jLiilj bjj: j—tt-dlj e-Ju j 

* 

bAA>cO oLpliJjl ^^Lp oilp yLl!i OA£ .^^fllaJl ^yP ^JaJl ^ya — iu c^jyi 

.(mi 10) km 16 Ji J-sAT oUUj ji ^ o'jJtiii ^Ajo oa^ .iibT 0 j£j ca* — ^ 

cA lyi^ yb ^Jl ^y 4 laIjL 4 ^ .< ^3 j ^J b oLib^ yP iiyjy 4 cA btf 1 1 y y blJ I j 


.2bw-bi! olAwlI 


Alp 


A^ry .jbkJi J^b-1 (3 A,bsi jj .^b^-Mlj (^jobvjjjyJl ybJl (4 — 1 8) jSs-Aii ^ — si>jj 

yaJb i y»r yil ijUt uH ^jobil A^-l 015*" bl .^.b^-^/l ^-SAaj 4j] ‘ Jlili li_» ^3 c5j^ ^r*“ 

j! 43b>^b OA^ Of y5lr cOlS" j A^*r J^-Aj bA>Jl <3 y ^yP-bOl z\j ^rjg^ Jl y— 4 

A?- yij oljlA^ t«-^- jb7 oi bsl yt?r Aajaj — * ^ 1 — ^ — iaP li| .$,L — 

# Ji ^ 

.Lbb j.b 015*" bl cjbrl — b jb bjbiol O^/bAb 3ijy c^ba^Jlj 


jaAl Jjjb 

ybJly f-b^-^l obi y J b^A^t (^JJl jbAj^/l jJl^-Al a?- I jy l J *3) 

Lpy^A» jb b a^l ^jA IJLa Oy^J^J C yLjZJjb I A) I ^bAu^/l I Aft ^yPAj .bj. , Aj I g ^ A * 

.m 300 j-* JSl oLpliJjl ^yLp OLp-S/l yju j J c^JxwJl ^y 4 yiJb 



J&ii : jU- j-.lilt 


A jUI .1 _*JI 

j±LJ\ 
jjU 

<j jj jI ji! II ^Lojmu : ( 4 — 18 ) 

{ JiP £jL«i Jl y* lJ¥. £-l_^l y* ^JLi? b-AJLP «t< _ ,.Ij 

(3 y baji . AJjl^til <jl ydrl ^ yjl bljj (j ^ *-rO A^J J J 1* 

Ji\ ^j^jS^J 01 <3 4-*09jSfl £ ^U~ *Jl (J yj t jLgjJl oIpLw f.\jjl aJILI ^ j)a +~ — ll 

.^j jOaJl c_^i-JL3\ ^1 j^^/l i-4 <^Jl Aa> ^ jaJLj tijUl pi ji>l y* la)*'.* ^>-b 

^jA o\jlL <-kiC d^bb**^ jfc ^ 0 LjL-*^ I a^p^jj tj y d** b<a j I s^Lp (_£ 

.UHFj VHF olwy J 

(3-18) U«44 

t £ £ J >r — 1 ' . 4JJ All yS 1 U ^1 wJ-L>t "1 ! JL-jLj V y**^~ ;fl~*** * * — ^Jjl ~*t 

tJb?- y*-* A 2 ^ *>fc *>w J l A*i ^ »ja <*«-Q aL ^ 1 P 

djLi^l CU>W>' j £jb*l AnQaj dOT” y^- . AjIrJJ AjL*-/ 5 djUi^i OAJi p-Pj (0^ -Jd^ 

?0iJS 0 /o bb .<jj yt 

(3-18) J* 

(3 llL/aj y-^J y^l C/* ^^otdl A^r jllj ® y*Lll ‘b- y 5 (J -,,<a;> " b 0] 

C^>*-w^!j cOJJi jLuf AxOaJ J Lid'll Lk-^Oa^J LlJiil Xa3 ^ll — )bj £jj__ J ail 

.tfyt SjU^fl 

^ jjJ) jli i fljiati Jau U 

* * 

J jIp ^aj L.-lp .GHz 300 « jiJX. b;> y dUi jiljj ‘mm 1 L/j“ rf ^1 ^*1 ^ail ^Li ( AJL — j 

• viiii (jij bLi? APjj>» £X bJ-lj cUVj c^J ji^ PjOaiij ilR J^- Ljli tsiiJi y yai\ Aj>r jil 





jAj ill J J cOU-Jr» J rdJlsJl oUl 


J-i*? J^' I jl j^S ‘■b^SlS ^ ^ll aJl a* ^ J^S? j A-L ^Lj yij mm 1 IR a*-^ J _^l 01 

<wJ^ c^- IR L-iJs? aa> iJMuj . a-^Lj c--j1 j* <LS% y j\ cJlM y Jl£ ajJ .mm 0.001 y 

(3^ j! ^jlp IR ^b-^l b ,4 l-'-'‘ 0, 'S ^j-^wOxIj . AUA^-I dJLfc ^*^4 AC* I Jl>-L J 4^5 ^ll 

(j^ 5 ^ -4 j*-*«^7 Lfr^b ja ., ^ 1 JJLP djl^^-l l-£-^Sj 4(J$ j >■ Ojl y~ IR ^x^l j J^*J V . Ojl j — >■ 

■ c£ jOuJl 

IR objj^i ^ . /Sb " W< J jA y J-UaJ b jJjl IR jX sA? US $IR A*^Sf £jlj 3jj>» ^ — Si 

^yjiAj aJL olix* OJLjAJ Ob" bl .aJL ^S'J l (jo2t-w^)l ^^Lpj 4 jUlj 4A*-fc jill aJ jOaJl ^Uoil ^ jp-S/l 
. 0b*lS 5 jJ C^~ W*” 4 IR ^S"*-**^ j*-*iJ 01 4i£b j*A* JL>-1 ^lp 

Xt y_ . ApbJl C^ljj^l^sJl ^)ojla J5 l-^*lJb^lv-l A^b- ^Ul Aja-^ljj IR £^b0*l <_Ju£b" < j__^C 
AS yb-A il-lp^fl ^ll (ry»/3 Si ^J O-iS-iS"^ IR ^5" ^0 il.Apl Ajjl ^P- ^J^fiJl C^ljj^l^Jl ^ySmf ^__lp 

Ai^J^j ^A^r^IR) Oja.^3 aII Aorjll (Jljla^/I oli IR ^brjJl jyi • 0>b*»JjJ\j Si C^l ^ lp 

A*JJa J$ fr\ j^*bO Ob 4 ju>»V1j o jyA Jbib L»JLlp . ^ eXjt+Jl IR) aL ^S aJl A^^rjll (JljJa^l C->b IR c— 
ol-bc* ^X>aXi . aJlJJI 4jJj 3I S*A^« Ajl .^yj?y ai^L-JI ji^~ s-j-^S 

55" j^-j l-aJLv^J ^ pS <i~£ 4jciS/lj L-A^i^Sl 

^Ip A :J 5rl>-jJl C^^*Jl OjAS ^jP O^LjtJl IR 5-jjill IR Jj^i ^S AA*A>- Oj 

^P Ipaji A]^J,A»Jki A£*Jl djl ^>- ^jipl Ojl j ^- 1 O^^J A^lp-lteUl Ojl ^^"1 

^iJLSuiv-' .Ail xa Jiil jJl 0 J& L*jlp 4--^oJ.I f LVl <J oLS" ^il ^jl 4 c^Jill ^Jj IAI ^Sl 

yA JbljjiJl Jb Jjj ^^j: . s ^ Kil Abj I aSIxaSI 43U2JI c-^b ^Jjbil aj> o^Lax*>»^J jytijl Ui & 

. JJJl ^jbJl 1 1 ^L*J^ A^*iw»wwUl » l ^.b^wjl ^ A^^r 

fi 

^Ul 05 4iui>- ^X->C.+m\ Jij 4ljJaP- L<r -J aJs~* A^ ajbfcb* olj c. IR ^b il Oj 

IR ^ b^*»| Ohbui* 0 bteLp <0^^^ . 0^*^.y3*]l y 3*3 yf* ^cjbil c-A*A^“l ^ Sfl {J J d~\pLw«-*-U 

Abj'yi (J Jjjl y- jl oLbil <j y\ J>- ^bcO^fl li-A 01 . li j y>~ y. r ~ j 01 — 9 S — Sip 

IR gJLJ .4 jJL>» (J I 0 33 p-~A-! ^-Jaj 01 i 3&.3 <J j£ 01 Jr^-J 4^>«-via Si 

IR ^j^-C l_ ~^ji ^ 5** ^Ijja-^l aJa^I^j ^jl AjjJJl aLlaJI jboijl aJa^I^j ^Sp A^bi-v^ ^b"S/l 

aJ-I ^LvapSfl ( JlA) 01 (Aj JlJlaJI l yjftilll ^1 ^il 10 7 X 2 ^l^i) (j^ b-> 20 ^*>b- ^->rb Si 

.0! JJ* jL£* 4*.,h> La jjaJ owaJ 5 y b aS Ab jaII 

L^Ja ) (^jJrl bs^lp O^^j .IR ^ j « S? 4»J*l ^ j ^ a . w J ^l31aJw jjP) liLi LjS" c5^^rl i»3^bil O^^J 

• j** nm 2,000j (^5^11 j-^VS) nm 770 Cx A*>-^il U>ljJal ^Jl aj^aJI IR ^a J ja*a — j 
^Ij jlp jyyXj .Lj ju nm 8 ? 000j 4 ? 500 uy a^^II U>ljl?l jl jH ^Jl IR x*\£- ^lil jb- — j 
. nm 16,000 Oajj 14,000 o^ ^3^y * j* JljJ^I <j IR Jb*» jl Jp (CO 2) 0 j j j— SCSI -U~< — S" jl 
^■la^ Sl ^^ip rl cJ*!)bil (j CO2 * 3 >r 3 -Sa3l J> *i *IR ^ j4*ilj 4cpbOa3lj 4^JLtilj 4 j — Sail JLX — j 



: ji* 


^3 CO 2 01 ^gip tbOxil ^ r3« * (3^^ *(_}^^ ^>r y* CO 2 0^"^ Ll* j "& ' ■< 

p - * . * * 

AJ?*'' j->-l (jjjJl ^*rb!-^Jl d—b' jy I j Oj ,j^j jl ^]q^ Sjl^>- A>rji \*«m yA (3 ' Lpbjjj' £tld>< (£ 

. ^>rbt-jJl d-b' (3 J 0>- cJ>i ^bi-4 (J^ 3 J*^ c£j^' L-3*!AiJl CO 2 ‘bibb*- {j* 


pjJaH 

^r^j" .nm 390j 770 o^ j- j' ^ j^“ J'j^ 3 ' ^>*-0* Jj\ tjr I £- — h 

t Jjj'bfl £ t ^0^>*Sl' f c jiv’Sn ^ t J-fcLiJ ti>- ^li J ^b j aL^LO' J'^bS/l 

.L--J y)b ^r 1 f 

yLlil ibjj . A*A-^ll J'^bS/' l£j^\ (J l-A-?!- -b?- ^ji' £J-A Jl Jb*j| l£^= 

. jL^-Ji f.b>' f.ljjj £b*-k*Ji b L^> «<w» l0-&^ . Q } .< Jg , ^ AjI^ (3 ^^*-*'**■£'‘3'^ tcJjjSl' «' £b 

L«JULP aJIaj j) jl $.1 j^g-b ** J-® '-b&j jJo^bJ' Aay^ll J^b £^OaJ' j ibo 

^3j <Uv?j^|l 4jjjJLll d^b^'bl' pjaj (3 ^Qa-b' 0 jJJ' y* Oj^> -bp bj — ^ 

.^1 jk\ j ^ii $. ^siaJl Jb-jj ^ip jLiJlj tOb^-jj'j u-o\ *0aJ 'j c ^bi' — i .j — b-3' *b — ^ 

. J>bJl J-AaJI J JJA £j*2 Jl il ji-J ^2jU^i- J^2iJlj JayC^ 

j jj y ^ (3 4iUaJi ii^jJ lo\ J O' £-Jai~0 bf j*a2>\ EM Jh^>\ <*- y> J b*-^P 

.L . Ju nm 1 Ji Jsu^jj bj nm 390 j-* UV r}y\ JU txj ^ 
jjl^b jl J 5 (^bli L*Lc bbi O^^j c^j^>b,<a»>*^f' ^rn 290 Jj^ 3 

0| .^*«-<4-j0' ^jA y j\ J^\ ^jA 4JLJ' OJJi m ^ A <U ?r^l' 

^ *■■><.■«■) j ^y»*A yh"\ ^jl-pl j ^1 — o^b ^jA 4 j Lj y ? ^ 

. t fl.««^a.l' I 0-bs' J cUV OjjjS/' <Oo^L . j^bJl lb-& 

^UJLxJi o!3 f'Jbwl ^ V JUJb J tUV ^oSf bo*' ^li' u;u ^^bJ' J-U )\ jc4 

Obi^ v— • a ) l ^ . t^ ft i< Ja i l ' I*XA ^ -bbbi*y 4^^rbr^—— J' 

c5^^J C O ' jX>»«>i><^ lO ' ^vftxbw* Ai * 1 4»v*tkXp- ^Jb b«JLu . t fl ■ *> l.^sJ' j d^l»L' d & lb li 4 - -a. ^** ^* j ■* 

j L^Jb» ^IJj UV ^4 ^ jj *A^-Jj .^ioJL* jyLvii' tft ll J \ai 

A-j^-ba j4&\ 5iljaJ' o^bui) j\j bJbb* jp-L>- y>j Abb»xi' 4_^ jl' Jl j L?bf' 

4JLa- j'-^- bbjO>tXj .UV A*-bS/' Jbr ^ ^ ^1' f.jbaJ' jS* IR ^jA Aj J^ i' AjPr ^il btl j b' 

oulaJl \*y* (5-18) ^w*jj .^|JL>*bl i y^ y J (S^ ij^~ bJb^lc cbbt>ij 

3^01 x A*-0 ' J Abb^l' 4j£biw4 cA^pbcJ^^ dob' 0b>*S!' (3 ^ Jl 

iAjjjj^OU L y>\ jjr^ .(JL^mLaJI UV) UV t— bb Aflb J5 Ax^' AjbJJ Aor ^il Jl jb*>0 ciilij b*lp 
^Li ^ .(aJ7/UV) aJL> > UV J' >' Jr a,^UJ' ljv.l^J' r L » 

.A^li UV jy^ ff.bio*^ tX Ax-Ol b J->- AaOo t^aLs- 



cOU,..w^lj ni-JliJ! uUl 


( 3 *^ 

\ 

^uiVl 

**^ — " " ^" ' ' 

-.j j jji 


jUJI jrl j*jVI 





^iuiAjl ^Lai^Sxjj) (j^«J C^r^J C tjlrill ^jLJa^ll Jrtl’V’k.aM l( 5 — 18 ) (JSwJil 

• UV J dR Aus^^aII JljLibU ^mj U ri (jaLaj 


O-jI y>- pizjLA £jJ . ^ t ^£s-C olfc A^ala- UV a*OA Alii 

jliii ^j J Lfr^j JaJbM b AAl^la.O b&l jill lAfc ol ^.. , 11 

A*A>S/ ^V^U>- oJL?r objj^* jJ^-llil <j gjl A?si_fc ^lil ^ {■ .OjOLsoJl 

t( j*JL^jjJjiJb viJJi JUrl (j ^ A~*>* *\ y jZ tUV AaA^ tfA 5 j*J A; £■ .(UV 

^Uajfjl Ajp AP ji jjL jjLU Lyalya,;*- SJUajL* (^pL^a A-SCl ^5”t ol> A^laJl jjl — >dJ — J 

Uiajl CRT c£AJl jy ^ . jja:U lii^/ 4 -UJsl* aj ^p <J jotiil Oj^j 01 «14 UV a*AI 

Cf.1 (J$ ( j^aj C AS ^ til AAjl/» JL>- C->LJlS*" £> Alii A->A^ .UV Ayi? yu A^P 

. LfcAatJA** A-ll* jl ^A-l (j ^jlip Aar J lili .aIaA j ^ j-^l <_£^ £> U aJJ (j larjla 1 

, * , 
l®-^7 ^j-'^'frAJl O— llS^ ^1 .^J ^ll ^Jijifllt J IR UtL^P A*Aj ^ ) o* A ^__flj 

AjLiy» <^S' j* l ^JLp dU-i ^liaJ jli tUV J^- (J Aj?rxlJ Ijf j^l AiUa ^ •* 

tUV Ax-i^l jJ-l ^jp Jjljjl ^Jp jjc\\ c)l /jSsP . Oi> j lil cAjillii A^j Jpj OU" 

(Jj >a 1 ^' c 4 ***^k**>Jkl ^ , 1 a . *« 1 «/j > ^g Jl^ L *>mj ^_—l 

tApUil ^Uaj JaLU X»->o UV Ajui-S/ JjljJl Jp ydi\ 01 Ji jjLi Aar jj j>P 

(J C-.-A/ of £.L0L*jl ^ya:*j A-ijw .AjAnii ( j3^ j- 4 *^ A-w-L^c>- oUl 0l~ 

oL ^ jA jlA-^alj AjIjj j>^j L(J,y^r\ ® OWij (J ^ j>- cc?J — ^ ^ Lpf 

Jb £jjZ of tAlSCill o^L- lilj c^JJaS" aJU-I cJl 5" lil ^AJl JJ ^ a-. JL^-T 

p olJ-l j,UjjI 






N) .nm 0.01 j L/ nm 1 ju \-*y Jl y^. ^ x 4*-5>t j ^So 

X Ob (U^LJ .(x 4 *-Mj 4-w^LaJl I_TV (ju .J-*aLaJl JaiA-l ^1 p II j 

. yU <Jl^l £* Xi j\JiA j£\ 

ji j£ C-^jJb^l ^jUt c-UJi fbLj ^Jb j-jsll ^ 1895 <J 43 X C-iJuifT 1 

oUj^^sJ^II Ttiu^v tu3l5^ lJUJLi jLijl 015^ bl . i J^sc^ jl* la*./? oijUJl <j 4 -jL oljbJ 

^ j " * 0 

1 " - . c-^ j/l (4 ?^ ^ Jjls^IIj L^Uajjl «XiP L^2 >Ip IpL*-£»| 4pj«*» il 4. ILp 
t j.^ail 4JL*_/» jjl j! ^i>-l ^1 p dj^li .LiJ-^Liv* ^3 cL^S^JL-i x 4* «*t> 4* «t>Vl 

lj\*}\ J* iS jUM jl^>r Jj j^L-jaIL jlj O Jl>- .UV 4 *-£»Sl Xjuaaj j }S 

j£ 3\ jl>-')}\ { J* 4x-i^n 0 jAl 4i>“*)Ul o j$^\ II (jltj Jj Js J 

o^*- * J 3*** C5^ ** J-* 9 'J^ fUi*lI' ^illi tOL-J^l Jj O^UaPj -lU- j* P 

. Lg-**A> 4 j2j jjflJlj jJ y^j ^J.3 

^UaJj^ll ^S> LftjL>-ji V (<Lllp 4P ^ (J»i xj J— J J>P 4ijJ-l X 4 ju 5»1 L-*J J L» \ *xJ 

* * <* c ^ 

l Jfl .*» * 4 LaJ^j ^6 1 8) y . z^- 4 d^Lp ^| j 1 ) O*^** 4 ^ y 4 ^^JL^ 4 «- A w <! ^g C, 

.uJULu^i (3 ^ ^Jl ^ x 2jui-l v^» j-jSl 




tU 1 |J JV A ^ k ^ A 



lAjjjisjy 1 4^3^ 


s- 1 ^ 


X - 4*jil 


. X L_Jjjj V (^laC- :( 6 “ 18 ) 

jJJi y j lg^»r y ibjj t ^ai' J yA*\ X 4*-i-Sl V*!-^ Jl TX^^J bJU P 

<=> ^ 
ij J>*v? C_—4 j ^ c3 j ^ ^j- 4 4-ftja3 ^j^jj . jwa-flJi J jJaJl ob ( 31 3 ^-' o jaS 

.X 4^~jS\j b^ v w j bLa^i jy*i 4jb ^ y^SS^\ <3jJ (3^* X 4jt*S>l bl ^UV jJ yO—J 


ja}\ j t frUi!l j 4 oU-Jrl j ^Ut 




ip 

o^L* LpjI.,^3 a 015”" 131 j tLj jjoj *u**»Lf ajjIjj (j *^ ^ X Ajcil ‘ " - b **- 131 

A)J^ J j^S\J jl CX AA-il A>- J jl? ^<2J LiS" . jOT” ^l)i Ol>rj^ C ^‘'^* 

0>; X 4*-il <3^ Lojl 131 . (^JaUJ 3-**— Jb ^ Jj) ^t ] g .**11 4-wjJb A^liL* t y*l 

(S->) .^-Uil jyt (I— 7“ 18) 1° <j* Ajljil ^ J 0^ 

0~\ J* 0 .^j yOJ J^JLj X aJ' >• j'-P 5 ’ 'jS ' (7-18) ll J * 

H lir j Lili ^*S^lxJl 4j jl^lii X A*-»i I (J^>0 3 J**~^' •'^■^ ^yLpj lA?r A**#j ^S"" J$\ 

jf ^U-£l ^IwLP £v? J (V >£ 4a£i Ji x 5juif jUi>*i <jf j£ . A-— br <J jijj ^UOJli) j4a-^Jb 


\ I 

Incident x-rays \ 

\ I 
\ \ I 

, \ \ L 

0j jljii X A*-tii '■ \ i 


IV 


AjuiS* ball X A*jii 


^Ull ^k^ll 


aLu ^>a 3I X A*ji! 


( ! ) 


<*^3 j 



M 

.Jaaa AjjjjLaa AjjI^ Aj \ j a \ Jaajl ^Jaxoll (jfr X Asuuil (I) l( 7 — 18 ) 

.X A*-Jul A-iSl^yaj jj£jj klaSi >a (m) 

b*>U“lj j\ j^P^\ (jl C^3jJ Jl ( v r SlCj ^£\j jv>Ui l*Lft OJ 0***^ Oi^ X A*->^ 

j*-U- . C^l jJL*-*Jb jJjij o wL» 

** . * * * j 

A**aj (Ji .x A*-i^ olp y J,l ^Jb * 



JtSbt : 


Xs\j£ JiS/l jobiil ^Joljuj 4JUaJl il ^ii ^yaitj ^ja^w . X 4jcjl c_xa«jL* laJb L*s> ^Jl ol jl»JL« 

djlil 4^*5^ jJ& ^bll J*l*Jl .ol 4 jwij ^jA 45" Lir' ^i5" I j ^SsJ jl l-J: j X 4*J^ ! ^_j>x_>- L^a jl 

* <t 

^Jlj tx 4*jj o-Li UojI < j^ 2 ASj jl (^j^bJl 4 *$> ^Jb^iJl ^LrJ^I jjj* ‘- r ~^: ^Jl 

djjuS* - obLp (j J*jJl jbu-S/1 £ LbS/1 pia*l 4--w«jJb LL*p- .5iL*J.l ja ^a 

.^uju JjUJi JjjlJi iju> ^ur 


^y) LaLp 

®ja^ 31 ^Jp li^JlS t j-^ailj j-Mail 4 y .*».« b 4 jcj»S/l Or J jb ;./a.i L*~UP 

* 

Ulp <A-il 4i)ajj» UfewUP fjLJ j X 4x-S»l 4i)a^> b&JUP ^Jl ^Jaiil 4 la a; ^-flj ^lil £t**a j 

.ajL^JI dJu& ^ j-^aii jj^> jl b Jij L«Ip 4*jil ^^JoLwmJ .(m 10 u ) bj jij nm 0.01 ^-Jl J jb — p 

* 

4 ^r ^il b*lp 4 x-ii .IglS" 4^^Jg ^$5 nJ1 J jijbl 4 ilb ^i5"S/l JjJj Ulp pfll .,^> Ji *J 

i j ^ _/s"i ui .cuu^j/i ^ ^1 ji ^Ji 3* — p Jl j — ^-1 

^1 ^il ^ ( j j^l ^Jl Jj>) vcUaJl t^pUJ^l i^LxJl ob ^1 ^il Ulp 4*J»I Jb .x 4*JM iJ-\ o*~jSU 

JLJb") jLj^l (j- 4 ^^pbcj^fl 


L»Ip 4*-il A^jia ^ . L*Ip 4*-i»l objj^ 4^il ^ j 4y^J ^Jl jJjb- ^ll iL&buiyi <j^>fjJjtJl j\ — i*J 

* > 

4ja*-l ^ 4JjA-1 AjjJ^I ol^-wwJrl fiJu& jr^^- *b$ ^1 oljjJl y y* oU^» Jrl L? 

3 I J^ a, **l 3 ^-* S-‘ , ^l jJ-b*» ^j - 4 4jpbt^»^fl oblJOtJl ^1^1 JL>-1 jj^JO .^IjjJl 

4-Jlp 4p Jj^-i ^P . jjp J^l jlpj J^>t^Jl jb>«-; 1 tj ]jfj p\! 

^b jLJ 4jaJ OJL^- 4-j^jbbl 4jl jJa^^/lj tiJJLJl ^ .4ji>«JLj jbbl ^jbj clj jjS/1 

. jt$3rb J j-va ^ll ^*>*-311 ^ 3 ^-b 4jaJ jcHj . jliJl ^jjlJ J-LP 

3 3^J — ^ ‘b^b*- j 5jib ^Ja5 ^ .^plfcj^ ^1 J-rJ Ua^w« UaJaiP (8-18) ^j^-JLil ^k>jj 

^l^JL l 43*^1 J ^pljJlj (Jj>-jJb 4^aJi>xs\S 4iUaJl C^>b b»^w%o»sjlJ <— ->bll ^3 -^1 ^ja-^'^1 

jj^il ob cAP^Jl 4 JIP OjJbl oUl^-b .J^UJl Jl J ^Pjbb 4ilia ^rS/1 obJ^JrJU Ja M 

* 

c^bil J^ipl AlP . 4^15”^ 4P L " b^ fijjbJl L^- J Jl _^P’l 3 4^m*J\j iJL^ j£* yaJ' 

. 4 J j,.g. . m,> Jl ^IP-'b/l b*lp 4x-i»l 

AuijSlt uj! aja AH 


^pUJ^l iljjijl Jjtjui c^Jj t^pbtj»J Js>LiJ ob ^lj^ y 'i 43^p 3 c^i— 5^ bl 

jj ^ j/1 ^ C^U-w^ 3 rl 3b . jb^bl ^^P flj^bv^ ^P 4 il? ia^-*>bu<- cAiiit^ ^ diibj 

. (olp djJw? oUi") 1 3 b*i jlSJ J5" 3 gjpbtJ^l JaLiJ ob j-m^Lp 



tfrUaflJlj tOU-Jrlj 4 £}y*i\ :£JUll ^Ul 



cpL^M jjc- jVI >J 


. ^C-L*_*ij jljjiJ Jauixa LL*l ^ : (8—18) ^LwJ) 

c3^L«Jl <3 oljjJL <J olwJrl j»JaJ j 4pL/2a)I ^iL>« js^* yb *j ^J,\ j 

.ilJbJl yJl J,[ J-v^J iS j>~\ 4jj 3 oL>^~s*- LajjJj cJsJLaJ oljAJl o-L*j 4 ^ yM 

Sxi oijj i jjaz-'i .sUoaJi ^jjj ^ y 9 y cy ^ j$ j ^L yi^ 

^ajLJ $<lJLp c^Lp\j3jj1 ^1p 4-^ c^LL^-p y>r L*jlip *_ -j y»Jl ^— . yaj^fl 

^ jlsJi ^ L*J*yb iJlfc ^jL^ajlil jl ^y^jSH C^- <L3l jil oLL^ Oj— ? r L» Jj P 

J* J > 

4*j y^Ji lZ^L+m^uj^-L g.1 .y* 4*oliil 4 -JjujJI ^-1 ^p*Aj . *Ltj Lift <b — > j£j! <s^( <*j < - ^7 y / .// 

4-31^1 4_£yJ L^*i«Aja .,<al jj£> J^-io (_£y^rl c-3^iil dilp (3j&~ V i*L~* — -»y// 

|1 4 X 4jt*£il^ UV cI^LiaA^- (Jj L<k ^" j 4 4-jLp (J^IpIjSj j'y J jj*,«/ 3 il j.yal' y/« 4 Ay^sg j 4-jyxJl Oj L^ ».M. 4 rl 

*^4 <Jy>- L^jT ^.iJJi y£ o 

tUVj 4^ ^ 4lRj 44jy.M ^1 y»Sft ^y* 0 jSCil — j$>^\ UuJaJl 4**£<l 0 ySo" U-Lj 

y-a 4-**«wj ^Jl 4—j ^SsJl oLa-j**oL| j ^SsIj it y siJl 4.P ^*-0 ii olj ji ^y* — L*Lp 4jcj> I j 4X 4.» j 

<» # 

toll y Jjjl 4 ^-^i5sj 46-X^5" <JLp oLp ( 3 . L*LC ^y-J ySsj J Lj c yvaJl ( Jj1I J 6^1 * 

Lj j2j jJJ j 4 4* i<lW /Jl Oljolljl 4-llS*" 4 ^ y>- S/^ 4JLii]i oLl *. J 4 oL>j^__^Jlj 

<J^ljL-«^P. (^yL*Jl ^ y ^Jl L<>ww--Jrl a*Xfc IjJUfl i dL^ 

^Jji jJ <jLSuJ| yi! ^ll jS> ^J >\ JT .b-5*" j^vJ ^.*>.|[g;»iU J5y>r j /y» y£- j$\ j^Ip Lj L*LC * 

a J 

^y* ^ <ii j>*Zj f L/-9 » AlfcA*^ LA 4 6 >u>- ^yP<Aj jLg-?r ^3 

3lyL?^[ Jail 4_J ^5\Jl O l^-;-M«Jf*JJ 4j jLC'*' Jajl y>- jJ y yP y^-C ,L^*jU i ol ^-1 



Jl£it : 



(4-18) *JLu 

Vnm 0.00100 L$i »- y L»l£ jp JjIj ^ dy y «' y£-\ *iUaJl ^ L* 

(4-18) Ja. 

Xpr- j\ AP j*t y A ipr J yip A>Ua]I A w ...3 j ■ t - P ^1.* l l gj. /* aM * j 5 ", .Aj 

:A jJU!Aj c^jOj tc &' ...a al' (3 

e = AcA 

.10' 25 x 1.9865 L >- Ac r^ 1 <£jU! ‘ >' *Uaiil 4 W». 

A^r d Oj . ^L^j LaJmS >1 i^yr f ' a ^ *._ •>■* l .Ai t— .l S ** !A! ^ A i ' A^jaJI il 1 

5iti! Dyji JT t) SlyaM c^iUbaJl d j£s tdUU .m 10 12 x 1.00 *l£j nm 0.00100 

J OjJuL* L*lp 

e = (1.9865 x 10 25 )/(1.00 x 10~ 12 ) 

- 1.99 x 10~ 13 J 


( ya*j <_£ y ^Jtij j . iJbt V j lit, .5 jk 3i jJtll ^ — \ a** iS j — ; tl)| 

4>l)aJi 4 JLp oU y J* to j^P (J>J* ,&jt£+j*A j\P **Cj*J^ ^ 4 <J1->'^>A ll 

^ I yf ^ y j|wU ^Lp ^rl]rtf *i^4 J^LjLifl .A&jZZa 2*Sj?r 4Jji Q>1 <» »««* "> f j*X yfl ~ J 

.5 ^aiwJkl oljJJl JJL^ ij* ^51 dJLft £^L*J^' 

Jl <Jti\ 

toljjjl olj j 5 ^jlflVAAAji 4 jS? ^ ^i/ ^ Lm^yb Ivajt 

.(a) ^a// i^ULJ-j t(liL- ULiJU rj\ j) L*U^ Aji-if 2U .kail ^ JlS^ iL 

5 * ^ 

4-JLp *>— Lp j.w*i s^dij ^(P) 

^<* co^l Ll djU^ j^S\ ^ Li jjZpjS 1 ^ t ap j^S\ 

C ryyjji <y* 4 He ^ o . aJLp oIp j— o ( 4 He) -4 ^ ^ j Uif oUl^ Ji^ — ^ 

JflU^- aJL>» ^>wj 4j ^> bJbw« l*JL*J 4 — jIj 4J*>«-»5» Lfljf 

aJLp olpj-^o o 5" bl JUb j lI jyS' SJbS" UJf oU,>Jr ^jlJLLlc .olJjjt liif oIaL^ ol .4 j 

' * * ^ 

\ I ^ JLj 4 p^mo IjiJI 4 jLL? cy LfcAA. t f r * 1 ‘ m 1 Li Li tc^LS - " ^ * 

5jJj aJ ^JLflJ ^]l ^^.auII oljotlll ^3^-li dJbljl/* 3Jb5^ '.iC J (Aaaa-h l// <£j+~JL i-jjAj') f. 

^JytjdujJl ^ 4 « A«.««j J i 4JL^J1 o^Lj .djjuS^ 

. &\ ipA 4^J «A<ly Li]! (JljLtt^MOr 





y* OyjJjyJ\ Of JS) . <JLp oU j^lSsJl jl oLjj^jJjj ^jP AjLp b*; olw<> 01 

JjyUJL Ljajt L? PJb ^JJlj ^ 0j£^» A jAj 4^-ALl d^Uai) o^lll 

tlr^* O^j^-* i (^£*^11 P j 1 13 yA ^JIj 4 J 44Jt*> a<j l_) JJJL j: 4j^/ 

1>jlp L^diS" ^ \ijk+& yS' LJL jl * aL^ A> c->L*^**op ALlif .|3 y* 4 J jLOj y* 

0-5"* 1S1 ^***-jJl t "ji xS~ j^\ ^iljfljl Jbl^iJ ... l\ 1 <p ^ m, 3Lj ^1 

.t , jOaM 4P ^ 4 -*j y olp 

aL£* j\ aJL (^\ oLijji*Ji jJ_Lc ")l . <jl> (.».*■*« A i £jA UfT (_-a1i^ ^ jj 

^J-s^t 01 ,g.l ./a all jl < j^>jSfl ujJbAj .aL'U (jl jl>-l a j-li iJL>\jyjyS\ jJAc . a^_ , , 

Jl 0j3 Aa'iSy i^S' j^Jl j j^~ j-U*Jl ^ y *% jJlj ^^.iil ^ jA y» oUjj zyS\ oJ * 

JlSLif d— ^ La.*.^P *_l>\J A • 1 ^ a JLi*^* oolkXjti li^- ^ « l"» 

«— . A*i^J ;OljjjI-Jl AA - <wAO*^J ol-ALl Ol ^J^ti4 ^LJuJl Oj^j 

, jLjsl! jJj jZJL jJtj jjflj yj y^}S jj>r Jj . ^-T ^ iilo? oUwr 

AjuJall ujUjjAfl 

92 l-f. 92 jj-* LL>li j^L*J ^Uk) *}a*si\ y> j — J 

( ,4 C) 14 ~ l) y> Ji AJLLlC. .^p/jtOy/ J?ULJf tSsb jfllaJb .(f y* — Ajji) 

«^'j ‘( 12 C) j! j)/- ^ ,4 C otji 01 .oLijjV 

jAj 4 ( 3 H) 3-0i^ jjp otjJLLJ ^ a!i^^/\ ^j *i „^:i ai-j* q. 11t c 

i*Jjf 4 jljj y£- ijAlj 4 ( 7 Be) 7 f ^ ^ 

oj olJ jj jjj <ju jl 4 ji jj ^ (^Ui j l0 Be ^ jJL> jAlj ^olj jjj 

^pUJ^I isLij li tl : w ■ ,U jil Lp j-jO 1 ( j0j»j (j 

frl ./a all a^jl^ll QjI jLipI Cj*^* ~ ^ AiiL^Sfl^ . I Oao^ 

t * 

CsS of Ol-^"S/l < j^uu j QjI a j.. .. aJjt ^.Qg imi J^l 0 »jJl X Q.^. o a ll 

cj^jiJi j a jAI.ma Cjljjj L^* 0 c 2 jjI *-Llp ^jU^j 


^jtujy f ^ jj^ 

Jj^l ol >Al j 0 ^ yUl 4ku^l ^LiJl 

£ . a J^S}\ 4y>r L*Jjyi 4 1 i *aJf Ol-j jAl L^JLL > y ,4 j jljittiyi 4J, ;alf yb AjjJiil Ol>L^*>U 

^XAJ AaJL^A a^lll ^jA & J^S* £ ‘ -L-^ 1 . j^wJi J JLP JjJ-i jL*mJjjl 

jl C->JL>- BJ c^jS/l jbuij^/l ^jP A^Ul 5 — jj4Jt uA — 

djli -Uo (^-P 4^JJlj i^jJJl jLmJb ^oLlil ^-iAl ,4 ^ * Wj alb 



: jJUP ja \£\ 


ajlAp jlpS/ j^jb a j^»SsJi ajjJJi ^UaJi ^ ^jlji c<_£j~* Ji jL *JJ ^ *< i 

.<— b" <J^>- ^-^*i j X— d« «^r <J^POj j\A— 

j+p Iip ^jp a^-LJI 6jl ^J-l , A**iw* j-s^Llp ^Jp *v j IJ 2 +Z.J y/ ZjyyjJf (j^y^Lilf ^sy 

Lg_* l ~L>*JL/* I olpj A*; iSLb ^JlP ‘,_ - cA*Jb* jU^.I t^fi Jjf j^j ^y2Aj 0 .AbL djUJaJl JLJ jjJ G-b^S"" 

tJL£ jS/ aI^-JL* oLLLJi aJL* < j^aJL?xi]l JUW . <JCiL* lZsLL&J jSLbJ tdjJLaJl Jbj Li JL 1 yS 

* , 

Ji*-;— <blli jl$ cAaJJA-I J Ajcbj ^ri^JJl ^J&Li* jj jhj f lii -Ojj* Cd-bbP — 1 

- * " , * ** * * * 

. AwJb* cI^LLaj <_£i ^LLj V 4j Jj JL^i £^L»Jbi O'bf eJjUaJiJ'yi JpIaLL 4j jLL« Ll*%^- 

t$iiij j\ 4_P ^*Ji aJLp aJ ^> r Aj ji oU^ 4«L*> j+p Lp oiji l3-Laj AjuiJ.! yliiJi £■ Lui /j Sj. 

0| . lZjLp'j~*v* aJs *^! jj a****J lj>Ip J i <b^>wAl c^L^^w«Jri <_£ .AjtzJLiSi l>> I p 4A.iL 

JLp -b$^>r Ajp Jbb> J^ J^ 9 t—Aj-jl (jP 0 jLp j-* l^L+. j .*~. * *JJ ^ f M 

jl j^Ju £p}az*~J iJL?r sj>b" oIp j*» Ji ccuL^ j&^\\ J tUil oL*^-j toli jSjjJlS' e> L r , * . — iri 

J 4jfll>- ^JLp OjyS" 6 j^>- jJb « ^ ?i JJkP 4 ^**a Ajj^ {£ y (3^® 

9 J 

. A^y^j <u\j> j** ^J,l 4 j jLlil A^^jtaJjtii 


jaaH\ uiusu j J^LaJVi 


_^L o*x>-! ^Ji 0 jjc~A\ js* j3j^’ L^j>*L AxiAl ^i^li u o o > 

u£ j>-\ (J . JL>-ij ^oJL>-^ jLoL o Jsc^a ®i jj J,! Olo-'i/i ( j^ax j 3 ® jjP ®i — Ji j 

p * t 

Oi { jP jZ&\ .6 jjaZ^A o\jj ^3^ Ia?-^ <Jj> 0 j^Jlj iiS Jjp dijj ^1 fijAi**Ai jtlP di jl Ji < J l:>5 -^ 1 

J jJZ>JSj j^^J Aj^lJflLi A^lAjJi djJki (J ^ ^AJ (iJji ^^9 JZ3>\ c4jtiAi ^Ji AjIaJJ i i^^Ap 

a] jlC. ^Ji ( J-L>«jJl ^jAj .^jtliJi ^4^ -la— ^14 i^U*^ ^ tdl j j J 

.(T) >^Ji ^>Vi <-i>L 


^ji LflJi <Jl-> L»^wvw?r ^ ^plAi . jiwb v^ *^ AxiAi ii J Li ^JfiL 

L)i iJ^Jj fiAJuU ^ij ji L Ji^- (LftjjP ji L*Lp 4juii jl Llj 

JtA^^i ( jA^Llj .yLyaJi ®L4 Lj AUa> A^aj iJLj Aj| ; LJi^ yS. ^pLci^fl ( JJUxX— Ji 

O^LflJi Aj^ij A^-Aj Ujb ^yftJ» i C) j^j ^ tv-Lio ^j^2JtJi CAP ^ - -- 1 


u 


*_* J 4 


, _// 


. ^ . _l 1 




c/ 1/2 L»j1Ja> A*^*J Owb» wAajj ./q A~L*jjl AjapJDi (J ^Lp ^ y ^Luii ®JLi ^LJ ^ y>r Ajl Jp jj\ 

cJwaj JJj- 4 *A*J -/q (J ^JLp ebb" c^-bii J^*-Li uJwaj J,| ^Lui'^i ^J^iJi ®-bi iib 

j^aJJ vJua> j J y* Jbuj .aJLsoS/ 1 A*_bJl £J Ji ®-AbJi JaA>^ i(2 t m J*j>\) iSj >- i ay ^*ii 

W -Aajj coUJi AJbLi jj .aJU?S/J A^-bJi ^ Ji dJLjJi c(3 1^ JbC Ji j-*jJi) c3 >^i ® ^r 4 

A^-Ji]i 0.5 n ji l/(2 n ) Ji 0-LiJi c ya Apb ^ - Mfl^ Li ^^Ji ^Jj) ^o U* Jp*b y*^ cJwb 



jAj )1 j j j oUl 


J,Ulj jc f 4 -jL^jJI aJLzJl cJlS^j aJL>- j JCq a cJlS”" lij 

jc f = 0.5 n jc 0 

^1/2 A-^j <1)1 *)! I (9” 18) Jl 7* **ji 

* * * '—' 

1 JA \jJU0 \tj>- jL*-ty JpJU' j ty 2 ^ It 4-^UU <olll { Js> bLjpi *ijU 4j>r jJU 

4 1 >, a, a.\a 4^-5 JL >!* y tibllt QjJ^oj Ja-C ^|S\J 4^«_JL LS ^>-t ^4-Jtj 

.J^a^a Ji^- ^^a f]/2 

t_3 4 J ^Jl^xlii lZ~jL ^pJb 3JLP aJ*^/ Jj j ^ptiui^l ^JJb>xjJl JbJL^wl] <_£ ^>-1 4 jLi ^ 1? Jl?r- 

(L >' 0.69315) 2 jjuIJ ^Jhi\ ^Ui J! JUJl g; jL* .(A) >-*_» 

* L*5^ clJLi^ > < 5 .,jg i ^1 p b y~^* 

X = 0.69315 !t m 

^u^syi iia 

<^yi 



Jal£- V ,<U*uij <L^«Jg ^SsJl 4 j > f ^il J jJfc ^plx-i^t ^JJb>tjJi Oo\j jAj jt — 5^ jtj <JU»J >- 

t]j2 (jt' j^i 4j1 ^jA JJbrdl CjIj SjS£- J LLP Lviaj 1 JL$^tj . LIS'" o\y r ^' ^L»^J jj 

tyi C-»t-b 13| .(S *) 4 -^-Ll * Cj1Jj >* y i JJb>tjdl O-jIj ^jp <_£ 4 jI ^y* ^JUS .gjlji — ^ 

. Jjp <UP j\**l)l (_£ J^r 4j^/ J^2- Jjp 4JP I j-Jt* 



Jl£i( : 


»Jl* /* ^iLLU i$\jiS\j iU-\ la C-* jL L» y& c-j U 01 

X= 1/x j x= 1/X, 

: JbJl ty 2 X la. 2 Jalyjl O^jlnil «jj» y. <^y 01 ^.JaT.-i 

t = / 1/2 /0.69315 
= 1.4427 t m 

3 

t m = 0.69315 x 




JjAJI ^UaJl dA>-j jl .£^ljtA*)U ^l^Jl \jP Ao A>vJ AoiLj£- olA>-j d AP \? y 

Laij ^IrA*}U ^Jp ycJl ^Lao .(Is ) AjtJij lA>*l j Lj j jJ ^/Lol j .(Bq) ^ — * olA>-j__JJ 

^Adl $.1 jAI ( j^« ^p JL5** coLJjjI JLp t Ai^JiJl ^jA j jJ 

c_3 jjij t^Ail oA>»j JL?r . (C/kg) ^Jp A&tj 4^^Jl dAA aJjAJI oA>«j ll jl .c— M ^ri 

.C/kg 10“ 4 x 2.58 i/Zsj (R )j^Jjy!L 

t(Sv) O ^ i&lSClf 4P 4^UJf aJp- jjf jU t^UA*>U <3 yLjJl d^u ^ yj A; — p 

ja aa! j> JUlT ^j) re/w Sa>-j jp jA-Sf' j £*-aa* . ( 1 J/kg) fl ^p^L^JLj J^>s- 1 ^ 

. 1 rem = 0.01 Sv *(an acronym for roentgen equivalent man) oUKJl ap J *jj>- Jfljt 

^Aj (If. jj-ww dibjJ^ .4-wpL*Jl»*^l A-u*^Jl ^jP jAu aA-I ^jJp <AJA>-^Jl dJ-* ^ ijfy*** * 

* * 

U . : . : > c^LrA^I ^jp A/»LrJI iA^j A>- J5 a-/?L>- cLiAj LrL* rem j ^ olA>- ^Jl ^yajy <JL*-r 2 **»l 

100 JA jg H OL-J^l u >>-" ot oiy Ja .JJii JSLio \ .UJt olo^j-Jl c^-^Tl 

* )t # # # ( 
o^Lp ytlj 4 jM jl Uiao Ot-J'Vl oLpL- ^./ai J^AjP 

0 yd I j <3 Ail ^UjJI olAu*^ j 5 juLa qXqZ' oIjLp jl ^Lul rem ) J,l 

>A. < ; « ) ^1 AaILp Aj^^J <-J j>- ^jA A® y^“ ^ UJLLP CA^J^^Jl ^tJjl^^Jl 4a j I JL___*J £j} J ^ * ll 

0 wb*xAl oIjV jJI (J l£jAJI jCiJl ^jA AjUj>JJ f. A j ^Jrl oljUJl J — jA Jl oljli *9 

aJIjjJ Jp I J&L jjjl^aj pAli CjwaJ j ^U-A*^l ja a\p jAa oLAnJ — Jl Jp j — rj Aj — p 
oU“^j Ji <£ yAJL l l O^U“l J ^ytJl (iJJi .(AUJrlj cpLp'^lj t aLM l 5 J tjU — 

a> «K 

AlC d L a^jAJ lA?r djiA" oLpljtA*y jAAl ^^3 j*j Ajlp .o ^>JJ ^ L>-lj ( w Jl> j j Jij 

olj'ilj A-> jwL>» Am*J o^Ij jJ cUAjI ol jAi? AowiA j c jli> j^Jl ^ ibj J tol j’— ) 

. AA j*5*a 



j tOU—Jrl j yVl oUl 


bLUl CjU.iHu.VI 

jUaJiJ'id * . . Ultj ^ cl : il j J 5 aJjLa SfcLj oliL-iaj ^pL*J-*^1 JJ 

(jUaj f-lj^^Jl -kJ ilAi (je j-ijJl 0 ytll (j (^3J| j *• y#-* j — 5S"Sll (3; JaJl 

* 

.L^^wUj ^il CjL^HJuIJ o gaibt Cjbbiill c, b^P O juLa)! ^jL &a j y ^ t*XA Jbu ^ .£**.1^ 

g^ta ^tjjS/t .ib£tj ^e/ 5 ^J*^*~* <J pbl^t oJLpLJ. ^JaJl J§ AjL^II gUaJl J 

(j ^bu£»^l y* Li ^£j>*JIa Cblp y>r .aJL>-IjJ 1 £.bjapS/t ^ya^xij 4 L y2jSfl CJ^Jbu* ^IJ j 

^xj ljj.va.lt 3byl ^U) Apb.yall ^5 ^UJ.^1 . ^Lb j-uJt j^Jbl 5jjl^- (3 Ob>“S/t 

ji >t g gr**i-^ jt jiij gipSit ^jij Ji ^Jt ol l ^ gt jii g cAij gt g£^. ^ ^gt g 

t£ ^>-^1 obi-Jalit ,X — Aicbb Aj j^-t J^jjaii-l ^ip 4jtl*^|l g>rl c j-bJt Li g^bcj ^Jt 

. g^j ^ja*a ,^r* 4 jL»J^ -b jj^lj cAj jpSft £**-*^J 

^ -i^ It ^cjt^ilt^ cTjIc^xmmJJ cIjLmP ^L^p) ^jwLax! g / Lzfl O^j^g^grl^ ^b^S/t ^b^lp ^tbx u* j 

tv- b!*]! j gxJ Ujllp j? a^p JupI Jup .gUjJl oJia J UU>*i<J J^i\ j^ajJl Oy g3t JSO: — j .Ajj ^t 

. 12 c otji gt g^jwU ot j JJt o j.* g>Lj . gisOt o ^ glit og^ ^ ^c otj^ y* gt* g-j zy* y Jii>j 
gp j y*zJ-\ ( i ^ r j$yjj**Si\) jUj^ft pjp ^tjp ^g?:.u) coigjt g 14 c g-^’ a-bi. ^ug 

AjiAilt dJLft ^bit (.L«Jp .U j\J^-\ y*jj iLAjLA^jt y*jj coj\-^Jt aAL *]1 cjtjLvai-t ^jp a j 

, bvujt* A-j Z' teb^o c-^g^teb jA -i3 L)t 

Ojwai aJb* J*}L>- g jjaj gL5" jsg^j J ab»*J C-~AcPt JL4 oljjv^g.bJt jl ^tjjlllt S"" 

w-^vj jt i^JX* Jaa*j Ji AjI -b JL^- c<-3Jb^-t git j^rt ga^tjj y>r .AU* j 65 gt^>* -b-* ^y^gt ^ 

g,] ^Ua^-t J j >0 t r ^i (jbuJ t^jb y^J^S ^®r^l -*■*_} .CJ gt iiJ-li (J ^ 

.^ySjSft g^-Jo g-^aJ ^gt A^*^uujl IK. AjujI yA L£j^r\ »3t 

c.g*uJt ^v?llt ^3 g yr cl^tjjjlj J y^>- ® ^^«Ji*l! c-^-*iJt bL-J ^Jt Agbj^^t c^jbjtjUJt 

ot Ai ^*it a ^ t j L npt f-Ujjt yk2*A l 5 ^ l£ ls j'^ r gr g«A. p 

ob g ggt g^ ajUj o g?g~- caj - tit -bp ,ajUu> o-i>- cj jjb- gg c-j j g-^i sjl* it 


. Aj ,IT 3 but 


L» . a J l>- j jCq aJ I Oi> JJ ^bcJ^I fl-Li» 


(5-18) <iuLA 

.A^- 100 b*JU» A*ju>> bb ^-o-P cJwaj jt jlit 

o 

■ L *J J - 365 Jj^r 4 *W ^365 “ J - J ~ )l ^ 

(5-18) J-. 

*.LajLj 03-1^1 g^Uit ^JLpwut tiiJLli JjJL^J 
= x o 



£UA?1 joliJ' J-oiJl 


jbJbj .n = 365/100 = 3.65 «0U-l oJL* 3_j .i-jaill j*jJt i_»Uajf jap n Oj d->- 
*365 = 0.5 3 ' 65 x 0 

:oL» ' j( 5Jb)l ajsi~JI jl dUi jji .jt 5, ^b) 3_-L>- sJT 0.5 3 ' 65 i*-ill d>.b»«J 

*365 = 0.0797 jc 0 

(6-18) <lL— 

?(5 — IS) (3 ll o^lll *J^dl ojO L* 

(6-18) J* 

(^jL-j t|/2 ojjb 3 ,tjy2 ilN-b A. Jbbd'bll C~jb) SJLLjl < U .., a Jl »d> .T .<1 

•X^rji .(Jbld'yi c^jbJ ^ 1 p 0 '_jj jl dlli jjj — d *— • — £ — 1 100 

<.t m = 8.64 x 10 6 s jb)b j . r _*Jl j s 10 4 x 8.64 = 60 x 60 x 24 
1 = 0.69315/(8.64 x 10 6 ) 

= 8.02 x 10 8 s _1 

(7-18) 4±— 

.^bS/lj ^Ijiilj *-^l_jrl jsP ?(5-18) aJUJ. 1 3 4>-Jjdll Silll jmS' ]&*m jA L* 

(7-18) J* 

iJjUil 3 it-ip^l J j*2*JJ .J 5bdNl c-jC 1— ’ jli* _y» tj^l Ja — -_ji* 01 

• (^ ^0.1 j Sj^saII) ^£JI ^UL»j L 1 i yo jjwLill bOL-Jl 

t = (8.64 x 1 0 6 )/0.693 1 5 
= 1.25 x 10 7 

dUij ,10 4 x 8.64 JLp fLi c r bSfb .jlyJb ^\jir\ J* (Jj* d~^ 

a H> # # 

,L> yil L*jJ 145 U y>r j ^]ilAJ 




< s 


j^do ili~4 4Jb? ^-^P c ..... ^ ! 1A1 4>wijl 0 dip j^adSl 1 -La (3 jl a — P 

, V b£jl 4 jU 3 »5 f* y* A; ^-Vl 01 LJlp t^ws 

?m 1 5 Asr_>i' JjW jiljil }} ja L. .m-15 j ^p Jli .1 

Hz 20 (a) 
kHz 20 (b) 





jaj llj cOU-Jrl j ^ :vJUt oUl 




MHz 20 (c) 
GHz 20 (d) 

* <> 

i 1, 1 a..~ « )L Lj^jj 1cLa*4 - * .2 

.UV A*i^l (a) 

.1* oUlA (b) 

.UJf oUU (c) 
.oUj^t (d) 

(3 AillaJl aJ*^[^j) j Aid^ A...».la j^£S\ (_J ^jtLl "\ 0 -3 

.UJl oUlA (a) 
.ELF a*-M (b) 

.rf (c) 

.UIp a*_M (d) 

^y" '- ) .A’ *j' <-_■£ — d a j£ Ji»- (_>J^ .4 

.aS' y>- aJLj- J (a) 

. ap jL~i* (b) 

.^‘L. ji-dl -k _^c- ^ ajj jy*lp (c) 
. ^. . Jilil l (ji-^il Js^Jas 1 ^jif- i^iyAf- (d) 

U j£> L* .Amw 240 aju ULc \^cLa^I ol^ aaw. a^jc* a-pL*-M auc- -i H b* .5 


•AU- 30 (a) 
.Au. 80 (b) 
. Ai^» 160 (c) 
210 (d) 

Aj^/ j^l ^ja*-» cl 4aa)l <3 ALilJl ^la«* Aj^jil ^Jl V 

£jUl Jl -. r ? 1 1 Ijjp ^ ila > ( a ) 

^ jJl £tJ ^)l Lgi j£- (b) 

jlX« <j ^.AAjJgJtil JiA-l (C) 

,Jfi j^|l (jl ^^-1 ^ (d) 

djl J~\ c*>l>-j^ oli f.1 jAI oli-I? ijv l^L^-l (>_.. aa^aj aJL jl? oI>Laa1 aj jj^I ^ jl ^-1 I ( J-ixij L*jlp 

jUaiJVI I A* ^Jb C4jib»xil 


.6 


.7 




. ^ jib (a) 

. A^*]oUa*]\ 4s>r jib (b) 

■lsA^- (c) 
.c-iidl -E (d) 

tjp j'iS j ^PrUrjJl C~Jl job” OJi: .8 

(3 IR $b£ (<-3bL$» j^P) { J jil bil jbl ^yawj (3 IR fi i^ <-J*bLS> (_£ j^-1 < — — wJ l ON (a) 

.{£ j>~\ A^>ryA Jlji^l 

^jA OjljJi IR j^/I ^1p i£ t-\ ji>*l ^Ap (b) 

,^i5^lj ^iS^I IR jjj^. (C) 

.4jjJbM 4..h<5i1 ^jbbil jL^ajl (d) 

01 4jj^A >- jA (_£ jljfl-JIu^/l ^jpbtib djjbL* ^£^-jj.Xjil ^?rb*.JJ^I ^Jpbt«JLi 4*wrfL%«»^|1 4Jww«^*l .9 

.(j jlU^j^/1 Jpbiil £j* JpUil (a) 

.{£ jUa-io^/l Jpbiit frbj QA jj^prjj^uil Jpbiil frbj (b) 

.AjkJ^a Obbij ^rb-JJ^/l ^Jpbiil ^c£J (C) 

. tSj 1 aJI^- (3 ^LidS”* ^?rb«JJ*^l Jpbiil ^I.A>tLwO (d) 

ELF 3 jb>- Or* ^■i' , -* uJj bb*3~ a^b^rl jJaJl • 10 

.(j^b^? ^jl jl d— ^jA 4-P j ; , ^-a <« ^^lj>- (fl) 

# J 

.jl^J^I j-* ajL^-U l-aU- ^jjil (b) 

* J 

. Jjjil ^jP 4 ^jc 4iU*i ilo^l (C) 
-JbrjJ N (d) 





wnma. 

< S 



" * »» «" ** 
©IIP 


- ; -a- s.y,' 

:V i 

- SI W, 

SM: fit 




v >Ji Ui^_l 5^_J iyil Sjl^- ^ 1 Sbty jL- J'yi 

ob ylil) ob^SwldJ jJJi 





*>uaU 

: ■• ;., ^ V ; . ; 

il ^Hy. , 


DU-J—tUJl 
. > 


jljL& ^fl .iJ . I ^ «*»< J J AP^««»J\j .il jS>x-iJ \ if^fCijc 2 A) (_/JJ 

t jjall a»*$ jJl jJl jlS"* lil 1 jJisSu* $. j ./all yu LLU^ ^ 

* , 0 
jijLfc La>Jjp c A^»$ 'j.> It jJj£. tal ^ 4?-^ — ^1 

jL^* i*l^>l j-* jl ^il 3i tlr 4 ^ Jiil b| • 

. oT ^ll A^I^juI JUP a_&L^I Ljajl j*/aJi ^-Ju .Li*^ 4 



JjjjJl Cr* ' Aj ^ 3 y** 9 v*^ 3l j^l if- y^ y* ££ jJl jiJl yJJ j! 

if 3 ji j yj3 aSU~-j ^iJl jL-Ii J* £ L**jJl i j£ 1 yu <a ' jJ-f jf y jJaJI £ btjJb tc £ y 

•j 9 ^ (j jl ?.lii ij <3 3 y ^ 

* * f 0 

(_j\J L*La Lp JLotj y* J A^j LjJl OwLa ^jvIjiJ . A^a^^ P i- ^ A^?r ,/al^i. f. H ■, * 1 i“ C 

$ l * o * $S 

j^i J i'-^- il^LJi .ij)J\jjjd\ 

< tyj^ai\ ^UjJl Lix^ -b-1 ji ^ ,iS >>■' CjLa^jjL^w- <j Uu>iv5 ^^olII ttiili jwiJ 

A^X^» J J^i .L* A^lJajjl wUp A^bjl Ajl joU j-A O Jj ^JbLU-J 1> ^JS*" 

0 > ^ J* 

. l*p J L^5" lx-^-s-4 A3 J 0 j J* ji . A_J Ajci^i cJj ^vsaj /^p 




oil£*JVI 


* ^ 

^b^i? iii j j ^uii .^isCnjyf ji qjjIi]i u jL*j| ji jS' j — Li y 

e-yj aJl ^Ja~* ^ -Li jl aJ j* ~bjyp LjLxJ jtT I £*-; a (1)1 u. 

.1^ A^ljia^al Ajjlj (^jL* J AjjI^j I'-U*j A1P L» ^JlLa-yaj ^1 d)li ^LJLj cAj ^ ]aj ^il 

^K*jyi jjjUj ij-.il iwLft i_J ^ jU ®jW^Lj ojut' Uj 

.(1-19) J^JI J 


p~*AZ~db Uiajl ^PJb) ft-kbJl ^jAZ***+.U Aa^jJIj ^l^xj*^l Ajj Ijj ^jj^il Ajjlj ^Lflj coljj-^a_ _Jl (j 

L«-Up 0° tlry 31 C^^-J Q ^ dw ^ (1-19) ij jw»l — // jf i£3j — *[*}! 

.^Ja^JJ a^L£ AjjIj i*s\ cLj 90°j cAOj^Ip AjjI^j ^Ja— JI j ^;j-lail £^LxJlJ| ^jaJy 

s* 

^ yfi ^L^xl^l (1) jjli jj-wjaj y£~»J tJ^tT L^rja*^* ^p5*"ljJl £x\2«~S\ ^ 1^1 

jlll ^la^Ll jX^JLI A^-jJ\j jyju td-Lg£" aJU- <J ,^Ja**J\j AxlJaJjl A la-aj <J ^4ajj — J 

^ja** yA Aftlxi^- J^LflJ (Jj 4j jl yA 4j)y}p Ax*il dJp |» JaJ y L« JJP ,A)aAi]l i^JJj ^5 ^*L*»Llj Ajatf.lll 

A^^x-dJ AjuiS/l jJUaJ j jjLi) ^S"" £-^ai£ C|» )ax«* j\P — 4 ^"S"" I P 

yUlJ ^>-1 O^L>- j j . ^ y>-\ 0^l> 3 *ApL*)jj ^oNI-^~I i y aj H (3 Ax-^»^l dJlA ^jLio .jl^ 4 

.UI^Ap Ax^S/l 





i£A Vj ^iaJUL* ^.1-1*11 (jC- Jt>>11 ^LjlAII ^Jjl£*jl 1^1 “19) (3^*^ 

. C[ A_ fl^aJlj IjA ^jj!!Ljl^)ll \j]&] ^Jjyil . ^lilxjV I AjjI ^ ^jl**u AjjI 



QjUj > 1 ) \ j tiJS' J 


jUiiVI 

LUi 4 JLp ^a \J UUp Jit AyUaJl aS" jJl jJLJ ur jUSCyi djj\jj\ Ja_^ 

dUi <3 V .Adi*?'*!*! 3 Adil^ cljlpj^—J f, ^ail jLJUjI AflOL^ j L w . ^ j V I 0 jZJL) I«La A^yJj 

229,792 ap^~-j t-y^S J-flii) t£*!!Aii-l 3 aaU a* $, iS'j+A* 01 .a**— jJI aj J a 31 3 IjJI 

•cS y-ty J»L- jSfJ J *Alkil *p >-J l <y Uajt ap^~j *^1 JSsj y&j t(mi/s 186,282) jf km/s 
j! tiili y* p-P Jl ^Jpj J aip yp J^*~j 3 £y^ll ap j— ^aL — i- 

JLP A^Lkil \j \ jjJl jy Ajj ylll L)1 jjl (j Aj d^ljuU Ay 15" 4_>r- j~b lj>-5" C-i % >b>-'^l 0 J 

‘cA> c jJjljSOij c^L>rJlj cclil (j £ yiaJl JaUj *AAh>*il C-»15 cljAl J^" uy £y^ll jjj — * 

4jjL**£jyf AJjyjiJl <j\ .£*}\iA“4 3 aJLaIjIj Xi j\Jl* I Jj>t jj£ {.Jay (jJy^S/l AiLit-i. il Jal *^jS/l 3j 

151 . la~»jJl OJJ^ 3 £ AP j— Jl f.^L^-1 3 £ yJail A P^ - A*— o ^A c J3**/yJi jL +* *SC/l XjyJ L/a ; I ^P-bj 

jU^Jl Aj y oLj>- y^C. Jllib cM Ja-^jJl (J c yjzi\ 4P^— C m J £*&J0 3 £ ^bail APj ^ C C- ilS*" 

A^L-y r m t$pa J j cM -la— jJl 

r m - c/c m 

* * 

jL-SoNt ajj y t yill 1-Li Uii^ ,c m _^ c yp -bP L^M-dj LJb ■>*! 

. 1 j£* I L-3L<Li h+Mj 

dJLL (jv J-v^LdJl " ^ p £ j^aJl c3"^ tAiLd«»iJl o^ll.l ^L«.**^jl ajj y 

c^-U?- jil ^iS^I j. yaJl JjjI •^}^ T ^ ^ l-3'^Ai>- 1> jL-^J'b/i ^yl y .«,! j i> J o^t Ll 

^ylll ojU*j>- jJU yp Al^y-— ojj-SCll AL>y o| • ^ X' ^ ^ s—^- J 

.OlJj O* 01 jJb 

(1-19) U**. 

^A«J L* c. i fl 1 1 4 ..*. ~J \j J .50 4 ^La^» ^\..,w^jl 4_1 j ^ ft ^ ■ 1 

V I 3 — yll 1 -La 3 yU*3^1 £ y^ail 

(1-19) Ja. 

1 ' LiPi g- j.^aJi jS' j 4iUl <Um4J| 

J >^S[l cj,aJl ^ jSU JblL j .km/s 10 5 X 3.00 J! c jij AJliJlj j — *a ^Sob 

:J,d! J^LiJl Jlp c m SibLiJl Mill 

1.50 =3.00 x 10 5 /c m 
1.50c m = 3.00 x 10 5 

c m = 3.00 x 1 0 5 /l .50 = 2.00 x 10 s 



itUiJlj tOU—Jr'j j-S' rdJtiJl o^l 


JutfUJi iaJl ^ic- <Ujj*iaJl Ajum2\ 

jjSl (&% J jSfl -k- jL-Sol o J d\ ^ tJ u50!A] U> Vli. (2-19) JSLiJl ^ ^ 

j£. (0° — 1 4j j' j) 4 aj 15 -^-b ^-Ul . ^^lt-^/1) ^Vi]l Jx*-» ^Jl jl—Sol f 

LIS' 3j_jIj oabjl Lis' SjjIjj (^JJl ^U-iJl jSCJj .4 »L4l j I<J Jt D_jj 

)/ . *w t ** *2r J>- ^ j ^5)5^ 4j jlj a!*j IaJUP ibli-t OjJ-l 4 j jl j . - ■ I 15T 

^i£jl ^l^Ajyb 4i* Jjl ^Jl la .* ^ )/jj J ^ *1^-1 j*<aJl 

.^Ijjl 

^aa^i .Ji^AJ A***^ JbA-U j) jJlj jJjJl) (3^ ^ u “ (J — Jl 

4jl jja*»l ^JL>*JUw U^>l C~^ jj .{.lil U&Jl&Liw* JLlp A^*-4aJi j ® jJkJ 

JS^J ^3-Jlj cA-Aj^/Ij t (£.L<»_«*>Jl 0-X^LjU.-* ^j^S-C. , j\J ilJ 1 13^ *■ ** —j}j L > ** - ^ cJg J* >/J l 1 

. Aj jljjl Apt oL'^A*^ ^)adj 0 jJkJ A*j 6 y>-T 

Jj p (2— 19) (j tUja**w» j** lS3l ^Ja~« — Si j — £o li] 

Aja A * llj ^L/» A«.« «w.fc l lj jL*IP^/L# JL>-tj . a\s 6 1 I ^]5 *a3-1j j» \z I j) ^gJ y . . . . ■*, / ? ^ 1 W «*<x 

^3 jjp Ajjl^l^ A jj AR-il d-lP ^Uajjl Jj^P . aJ^aJI ^ A?xJD ^y* 1 , C j 

.oJl>- ^1 p ( J£^ jL*^j^l IjlI J5" ^jiic cAjil ^ J^Lij 5 -xp 



# 

c- J— ia 


lUiUII iai! Ujjjc Ak. Jai j! J^l A^j^ll ^uiVi :(2-19) 

. A q\"A ^^jLu^aJl Cjl j iaLoijVl (JJJ 




Ob : jJLf- J-Aflit 


Jlui (jjili 

jL-^Jl Llj ^5 LJ> jl^-L a i^.^I _bp ^1 ...» Il ^U^-l ^Ju* Jb-J^- ^ £sj 

• L J-^ O j->L* 5JjLh 1 Laij c3jaiij£ 

U*jL0>Jl ^L > ^ Oij tAf g j M r ijo Jj*- J* B d\ Jp Jp\ .(3-19) Jaj\ 

4j ^ ,U » jj ^1 lii ^ja**Jl ^p ^LuJLl! ^>*jj U5" *X^-I ^0? lpL*-i <3-^ *33*^ V 

.4ii^ sj r y l)I J?l jsil JLp ca^JU aj jIjj 

4*Jjji {J*^ ^3} t*** «* *J A.|d tf ?^ kJL»* AJL|^$ l f3 ***^ y„ * _^aii of Lf\ L .r < s of Jn> 'j*\ 

* 

^Jp ^OsLJi TV Oj^sj B L$J *~+ *Al ^3 <^~A J P a) 2A> <3 jlAl ^.^ALuwAl N /^3-0 .LmmJ jLX l 

,^3! ./> AjaiJl (J B pkSjij M r Jl c) 3*^ ^ J jOaJl £^A*jOi 01 jp ys>\ . P 4aiJl <j B 

^jA jX*au (^OJl J yaJl S *P <S j^~Al (j N p-kUl £a R ^Jl <> jlj — Jl x 

JLJLj ,P JN^\ Jl \j\$\ycfA K 3l P<Js~-i\ 

yj X Obj jlJ 0 j£j .y < X 0 J c<-uii e£ j^~il j s lR — llj lN ^ £ — k 

As^p^p SjjsLuil o 0_& 0 jSsJ . 0° AjjL**** /? ^U-iJl 2jjj Aj jl j C-jIS^ cJaJj li]j c JaJjj jU-JL* 

:aJU-1 oJla (J _yj jc O jljl^ A-— jJb 

sinysinx = r/s 
N 



1-j u.n A ia jLuAj! Ajj^ ^ j Jaxuj ^j>4 jLig-Uui : (3—19) Ji*iS 
. Ufudj AjlSUJa jLAjI Ajj j 3 Aajujj Jl 


j-ijJtj ttUflJlj tOU-Jrlj vU' 



^1p <3 wLa ^p j^*xiil 

s sin y = r sin x 

#» i# 

Uij j*j ‘M s j M r a±k^j jy UJaw \Jo- B l<j j>-\ l y .(4-19) Jl O^i j — Jail 

(ii Ja-* j f U-iJl y: <^t tr > s of *JbU a-L* j Jj£ . Jl y]l ^ sj r 3 — aUsII L^ jL- — 

v " v > * > «* 

tJCj t5j c/?j cPj cl?j <-3 y»J .Lj~J jL-Sjl 4 jj y Ja-xj ^ L~~J y jL* &I 

B R ^ la .) ji tlij . ilij cJC = y La^” Jlill ^ LALiijP L^S”* yj 

oj .jc < y j^oj c4-^jii y~JLl (j S <.R ^UjJI j lN ^ ^Jjj JULj .0° -^jjj aj j!j > 

iLajL-w ilUM (J 5 U5^ L*Lc a -L a L$ ^ y Li 

sin y/sin x = r/s j s sin y = r sin x 



Lin in 4jtiijy jL-uSjl 4 jjjS ^ j J—jt> > :(4-19) 

.Lin >n <jJa$L>JU jLn£jl <jjj3 ^ j Jaxu j ^Jl 


4^jaJI Ajjljll JjJaj 

k- j 7 * L**» J AjJC j» jL~£jl 4Jj (_£i ta.< j ,(4 — 19) (_^| ^-ilj AP 

** 

5 ^UjJI j t90° (j-^ y <y yii cjc oLy .r > 5 jLJLj .5 jL « — *jjj 5 

^Lj ^(90°^ 0° <jy £-£j ^y) ^LaS^ ^ij^j tX L»wUp ^ y—i.1 J — >- 

r ^aJ4 tdLli j£ 1 X oohji lil . Utc ^ ^ yuJ.! J S j c90° 4 ^JL)i y h j\J\ 

.dT yS Jji-I ^ ^ ^1 ,B Ai ^ 


Ob : jOp 


* 

Lpo . ^ £-* 1? ^U-iJl l$i£Lio sjjj 4>-^ :M ajjIj ^ 

-.jL-gj^ 0 fj! ^ <L-~J c_—>^r £jllib A^r Aj^jJl ^blt .J£ c Aj jljjl ®<-Lfc ^P-U 

x c = sin -1 (s/r) 

(2-19) 5jLi4 

^jLvmJ (w^jjtl! f.lil ajj ^ c-J f.l» aS^ jjJ (^ ^ c/^j — 

lii .ytS^ J^Jiu £*Ja~Jl <1)1 .1.00 jL«5Cjl o ^jL*J Ujlj cLuj — oj 1.33 

c(^ ^Lli <~~Jb 30.0° Ajj'jJ ^ i a^ ib ^3J ji <L^A *s — c£ J — ^ 

?*l ^i»l <j jJa—Jl ^ A^jJ~l ^jlja::^ cUaj! p-bbdJ A-~ujb cAj jlj 

(2-19) J* 

.*»>i m s jLj *iif m x jL; jub j ^t\ ^ (4-i9> j^ji j uui 

^-Li y> J .30.0° x aj jljJl ^-LS .5 = l.OOj r = 1.33 ^ jb~ — jJIj — 5 

aJT Jl ^b>u~- .y :>b£^ SLUil O^JlS aJ^U^ .y ajjIjJI 

.* JJ-! j£ lo£U j .A^-U- 

siny , /sinx = r/y 
s in>>/(sin 30.0°) = 1.33/1.00 
sin yo. 500 = 1.33 

sinjy = 1.33 x 0.500 = 0.665 
y = sin -1 0.665=41.7° 

(3-19) 3i— 

ol£U ^Xc- s\a a5^ j) £jA \Z j+0 4 a*£i^/ A^s- Aj^l^il ^A L. 

(3-19) J* 

ji^' i(2-19) iJLJ.' **s — *» — -I 

:jc c i*- J~\ 5j_jI_jJI aJ-sUII J j»U jS/l ,j>}p .x jj-U' 
x c = sin" 1 (s/r) 
x c = sin" 1 (1.00/1.33) 
x c = sin -1 0.752 
* c = 48.8° 

jXf-* ). - -■ . L? l^JJ 4.. .M^llj o.xa (3 ^ 

.jrjo— Jl 



j-jJtj tfrUiltj tOU-Jrt j s*i\ uUl 


Cl * » 

l* ^iS”*l f. jjaJl ^L?rjJi .Lg-J jlll ?. j-^iaJi Or y J j!b P AJ-ji/* <bL* jL*^Jl <Uj JUJ jw 

j^Sll) aL^W A ^>T _jli Jl ?S(l j i ^JL L 4 J*lj (JjjSH) ^ *S *■ ^ J' J tty J 

_^ll AA3 j Jaju l-Uil Ajj .£ jjJb Or ^li J y jJu l3j *j .((Jlfljj* llj 

3 d jJ^ -Up 6 £j-jaJl ^ j^-\ LJ5" C£ J*U jrUjJl *A — UjI ibjl l_JT .((5-19) jSJ^Jl) 

.t$-» S-jvaJl -Up ^IjSSl jj-*l jil 3!>0s>J <r~r^ J-* . j ^ll 


C i ^Ayhf i ^f/l+jZ* $.L»io*)f j ^i.1 t J^j^l . O^Ij jm/2 Jl 3 ^ & ^J— aJI j) 

. (AjLiJl aJlA AjLii y-\ y~ Ljajl ^JL>tl«J) . a.iJL£ U^- j> Jl Jk\ $, jjaJl ©JLi ( j^oi] ^JL?^U*o jl^j>r 

.aJsl-^j oL-wlP J*^>- 1 $ 2 jIjc* {J j£ ^l iyah\ jyP O^r j* 



sajVI ejjLall "jlAj” ^^aIaJJI jjj^jaII (jl A8jft"w (j& Jj^jji* £ Jill *(5“19) Ji*iH 
.aK 2 u ^l J jfi» Jj 


LI jaII j (JjLuiJxII 

l**Up 0 jA JjSl jJJi jPr jil f-j-vdJl jL-^ilj ^iSJul 3J& ^j- 4 d^l-A^ -*'Nl £j — 

Lf J*-*p\ jl jS' l J-UI ^L-Oi-S/l J*?r U^?L>- Jl^Jj Ob A-^brj ^Ja* a!^ »* | ljj 
Aj j^Jl 3 jssotll ^ 1 p oJLp L ^ U OJjaJ ^L?rjU AjjL-^j'yi ( j p ^L M aii-'l . 4 jL^aJ -1 3 aJLp 

Ajjlj bLgjipl Jil jl j*~£> L^Sl ol—»JL<il J-*jL .^-r] 1 3 ol— *L^/l ^Jju -Up (^jJl 

.5. j«LaJl L*JUP jylxJl A*i>«-lil bl yl] . jl fl<*! tjUaJl ^UaJjl 0 i^-« Cf- j-^l 

Aj W 4 bfl 

^^Ip Ijoli J jl .j*^ y>tw» 3I ^ jl 3^ jr* UvUp 5.I jt> jjj — SvC. 

jl 4-Ui^- ^-*>U2-s^^l ^ .cm 15 (3^ jl cm 10 J^Sj a'j4i5 jj^- 3 " jS** ^^ r j" 



OUj-aJi : jZs* 


^yajv 3 AjJb-Jwl rfL-JLftJl ^PJJ . £ ^il ^ L>-jL>- jju jl o y>r ^ U y~\ 

3 ~y* -5^* 1 4+f aJojij jf jjt>- l2 3 f y 5" \ . 4jy—&lf 

£j > Oijl^ll g-ji^li Aa*M ^ *'^2 ^ ^ «^-£, . A~*«A*J| AitiS/^ diXA c^l 6 19) 

.(«—-* — 6~ 19) 3 Cr v ^* { J a ** * y? 

^ * 

U S' . ^ (3 j3 L*^ja3 ^ip A-w>*«A*Jl ^aj l y3 » - .A — *J 

ji.1^ aS^L*-**J! 3 cJjaJ^ ^1^3^ L^AS"* . ll L£^«Xi U 1S" ca->*«a*J1 j jaj 

^-Uj .<3 ^ Ajjl ^lit A*-«il c_-JUr LgJw« A^aiJlj <UxwL*Jl O — £ 1 ds" 

AlLv-Al ^PJU .£ j s saf{ grjz**] 1*3 jJVJ 4 J L5^ (^yi^mA 3 A->».A*Jl 3 a3^-*~a 3^ AajaiLl 

ji o ^Jai !3j . (^-6- 1 9 ji 1-6-19 3 L^S - ) ^ J^UJL a3 j£\ AjaiJlj a^JaJI ^ jA 

^jyJJ aJp jJLJ bf j>Sl j-^laj bil 4$ ^,£3 |i lull j cA jJij AxJaJiS** o~ 31 Aj*L>«^ A^J-P J*>\>- ^ — * 

5j JL>X>| A^JlP ^j> 5jtl* 5^ AiL^« ^ip £J3J |V— ^j> ^jLalJ . A^JLuJl oJLpL- * jj3 

.A*# j^\ A,laJljJl 3 A^A«^ £> - 

^JajaJi li* 0 £ ^L£| C>*Jb:^l 131 Ajl Ij^aj . Aj j ^S" 4 jJj>«_L1 oLwwL*J| ^ ^Ja — ^ jl 

Aj-l^Jkl oLw J l*J| f.L^I jUail cJsL^ajl j .L*lX d ^!^Jl A*>»Jjl 11 3 Px ^ 4 i^c-pwaJi 

A?rj oL-JljJl ^yajcJ . AaJL^ ^ AjJL^JlI ob-*» J l*J| f.li^-1 jUail l_3L,oJI 0 j5sJ j c5i:u^ 

. jJZ*mlf 4 j-L>kLI l^LmJjJL o^La 



3j^i! Alafti 



H 

ijjjjJall AjtJyVl A^Aatll 3*^ ( L r 1 ) ‘ ^ ^ >ft ' 1 Ajj^iJall AjuiSfl Aj!w,a1I AjujAkII (^) »(6 — 19) 3^ “^ 

.Ajjljia Jja-Jl ^ gJaij SjJa y* SA jl jM 





S J^4» 

i-.-li? ^Ip Ij^U j jl S*-^ (j <J 'Lv^iP J5\juil ^j^axj ^ 

<?r J jl 4 JLa>> (J,l ^jwo .*-Z J a3 j^* ^ jl <( j^.,^>t^4 jJL^5"" ) £jX* 4 ^JL P 

Lil . aUxf l l Z+mJj nJb C^L-JL*J| ^*^4 IJLft ^^pJU ' dljdlj ^J>-iJLJl sl^b jljjo l j jl 

lil 4jj\jZL* 4j jLa^ I I 4jc*iS^ 4-^-bdl dd-A — 7 — 19) ^J^JtJl) L>rjL>- Ajji^lil f , ^yaJl 4jt__Jo I ^ Z :7 

. 7~ 19) J^-iJl) <uJU ^jLiili aj jlj c^JUT" 

S'* & * 

^\aU\ ^lpj jjgd il ^^lp d jjblil <L*Jl*Jl X*Jju t<jJj>x-Ll oL^Ujdl (3 1 

f. I 4 ^*»JaJ1 (JljJiS'V) US' jT ^ l Ojh aS^L^-i-kJI ^3 \ . a ^ jg**. jl) 

^ )g,Za* j ^ Ixl! to jXJ L4 4***>Jp AxjgJlS^ j*-*>*^- ^1 Jaj ^jP O^— Jaj idl .AjjI^I il 

. 4^V-Ujl oJS'Uj* j J^ jlU aJp jJIJ bf J*v?i 

jilaal UUij\ 0^3 ,^lp ^ iAjJbxil \J>\j^S' coytiiil ol ^Jjdl £- jja — ^ jj — 

oL-Jl«Jl j jUail cJ^L^gji j jSnjJ caJLj1^14 o ytiil <Zj\ w-JjJl — *j ^ 

^ y ^ 4 * 

dyjtUf iS*>L«JjJb oJlA ^PJJ J $ Jl>-Ij ^Ja-^w4 4^>r J 4j jiil oL-Jlldl } .4jlk ^ J 3^- jl Oj ntfll 

. 4j jSL *1 **. 1 1 



.Ajjljidl AjjjjJall AjuiVi S^tLdl Aj^i^atil ^jjUj | 1| t^7”19^ JiwJI 
.Ajjl jIa Aj jISIaII A_u jj-bJI 4ju5))}\ l ^ x jaAJ AjojAhJI (J» Vi ||u| 



OUj-aJi : j-SnP 


V^i SI >*il 

LuJ . 0 yball <U*Judl L4Lis>* L^i j^llJl Uj^o 4Jb ^Jaj A*J j^a . jl AjciSfl 4jJj>% 1I aJyJi ^ ^ju 


Aj»lpxil ol jll (3*^ ((1-8-19) ^^^l) Aj jl^l* l-^^P O^jljJl 4 w. _ ..*S/1 

^iaJJ L«JUP .((c^- 8-19) J^-iJl £j*-lj) 4jjljl>« 4jjlj C-ilS”" 131 44 j jLdlil o^jljJl A^-iS/1 

^J>C~hJ 'JL~s>‘ 44j J jjl 3^“ JJ (j£ . AvaLa^ 4-> ^Lw*>-S/! c4j »Ty ^ jlidl <3) 


. oLS"" 31 j 4*iijM Aj J bl 31 O^Jts 




>i 


.©Jjl^Sl Aj jl jldl $, jjJal' AjciojI a/wa 11 ol jaII |i| I ^8 — 1 9) Ji*5Jl 

. Aj jl jIa AjjliLall S^jljil c- Jjjall AjKjoiI Ifrjuiflj ol Jjttll (JjcaJj 

' iS * 

jA* y& LaJLS^ O ft */3 1 L5^ AaJj^./oII Afc*ir^J 4jJj>fcll ol 3*1 _/''**■’ ** ^ ■» * ■ ■*■] 

Jlkj Aj jl^lLl O^jl ^Ji 4jtv*»Vl >Apbj b*l5^ 4 S.La^-^|1 


0 jkLJI ST jaII 

Afc^S/1 AjJj>x-L 1 A~* Jj»Jl 4j (^£UJl AjUis^ c--> A aJ j-i^ll 4jc*iSfl dijli 

4ja a > jj C«*^ L^y# 40 1 31 _)3^~ 'bjlj^j Ajjl^i^* o^jl^il AA^i^l L*«Ajl__p . Aaj !l 

A^uiVi d j*iii oT 31 t <3 y^i Alaij j l 3 sl ^ .((1-9-19) JSLi. — li) Vj — ^ 

.((v-9-19) JS^JI ^Ij) ^uJ ^ 





4 j4 j-w ^ AJaftj 



Iflafc *yJa Jijja 


■* ^ J ^ J 

d^jal* dl j* 



m 

<*jiSH I^juJU ol^all (J»aj (m) -^Jaij 4 j jl jOaII e^jJall 4 jlau1 $^*3101 oI^aII j£jJ i}) •(9""19) 

. <J^I joa (J^a^aII ^ 9^ jjJajA ^lalj JjjA (j& e^pl x^all <$j_^iJaI1 

y > 

.c-U^-^/i ^]ai cJuoj Jlp diii5" JUJjJ j £t)x-Jl ^5*«->- J-P o ycill ©T ( j^U<a>- X»JjJ 

'— a ^ 1 J&+P LaAS"* . g-jj./all £A^* AjOijJl OOlijl La 15^ Ig-^Qall £ %}a* A L a IS*" 

(^OJl 4-w^ijj jjjllJl j*** ©1 j* 0«Aj jy*P CP yPl 9 l— . .. A IS" 

. 4 ->.U . „ >• oT jA ^JjUL* Jj ^j*^- 5 **-* ^*JLP C^Jup j jj CL^S' 

JMi ^J^Juil ^rjlilO JaiM Ul^il JW ^ jja*x £*lJ ^ ^ OjS'J 01 — ^S m 

y = akUll (^3 ^kSJtS" *ylfsll ^kaJl Paraboloid ^ .paraboloid <y^ 

4jjLaa \jfc£' g.li^-^/1 t _ a ‘P j O^J^J L*AlP ’&JJ^ tj >" C*U J jc^ 

(^jLO J^-Oj parabolic aTJ.i ^Jb'j) parabolidal tfjlij <!jj3i if 'Jl ^ 3 Ji\ 0j£j 4^-TuJI 

j* 

^5 ©I jXl jjlp \ c3 j-aJI O^^j i— -^1 jaJJ 4^-jJL 

(4-19) 2jLu. 

^ ^5 C... ^J (^3Jl 1 ^ Aj O^lil £jA AP y*,A/3A A^aJS' 01 ^Jp j *&\ 

4JjL aa ©■ jQal] 4-^JjJl oJli ^5 j£\ JjJaJl L* .A*i c-j-iaJl Jc P 





(4-19) J* 

cdJLiJli . ^-f^Sfl s jyali LgJ> JjjjSfi «■ jyaM <L,~Jb ^IpI jl*-^jl ajj £- l?pjJl jL**Sol AJJ^i d)i 
. j^“S/b Ajjli* (jjj^-i ^*^^1 Jjlail J^a^i iS^Ji ^ Cj>5**f t3 ^\s>r jl\ 


Sj-uitSJI JjbjLuilUl 


<_-> jSwJj ^1 ^pJu .oL- Jbeil cJu )a y ^*j .jJas* ^L*Jl 0 jAl (j j jS/l obj^wAJl y ^Jaj ^ y>r 

, L^^Jl Cm J b»* >-bP y£z ^ 0**bxjl ^ ^ It 


^^LAxS) jJlill 

^jjJi ^Lp O^b&^ill Asja^-^i, j. JJP ^LJl 0 ^aJI (3 I j y^*^ A i)\^ ^Ailj c^ — 13 Lp — lip j < X Jjt 

.d jXJLa 4*mP A*<-i-AP^ Aj Jj>w* ^mmA' A*>^Xp b ^SwJL C ( l ^jl»* | l l ^^»b 4 ^w «« Ja i l 

( j^ljlj .JaJU eJ*be^l dJLP ^JLj ^JaIa) SJLjlJI ^bw*j»r*)U o j — *Ua)l j\ ,1a ft *1^1 <J j*)l\ 1j 

c Z«Jlj djys& ((I - 10~ 19) 43^-^) J~*l£3i 0lJ .La*W? 30 (J,l ^J-pAJ ^bu AA>-*>\Ji 4jbj^s_~. Lj 

S* 0 0 0 

JytLe eJ*yej .LajI A^wj>ws<£» jL*3l ^ jy*a Jl j ^S sj j .^L.-or'Dl) LjjT b jIp 1^ — IsU* ^ c<^l 

yM J jlaJl ^1 p JukJjuj co-b*Ji 4 j jljll jljaiS/l L* cApLoj ol ^!i 3-lP Ajl ^Ip ^jc. 

.4ZL*Al 4~-Jbeil j A-j^-«*Jrl 4-^- Jbeil <jej <UL-Al ^1 p ebb-iS"* Jb*Jbuj 4~-Jbtli 


^LJlp ol 15* O ^Z>“l . Aw?jS/l AjJ^I (j ^Jl>cLw~>» ijJup 0j^?rts^ ^ ^J| aJ-JUJI 0>l J— 'iSsJl 

jviax^ JLp A^ij yiSfl jJazi .(in 1 Ji ^) Jaii cm 3 jt 2 L^A» ^ A*^>- oLis — Lp aJ — J^\ 

. I I j9 y d«A^*»fc<* AjlJ J • A 1 - ■ ) I * I L) I & w\_A j ^ ,^^3l A*U LwJ I 

^Lpljiil e-A^J^/l i* r ~>L+* JZP ^je*^lil JaIp j*.*2j (w^^jSfl S-'j'^i £- ** Jb P 

^JJl jt^lil Jt^l i y>^ L* Jb^ A>wslj dj^yaJi t* I cl — >r jl>- 

.ydpLilb (jA*-! <3 ^ij^SlI 0-bA ^p Jj .aJp <w-^ jSA*Jbil ji-JU ^ 


ji (_5^ 0 ^ ^i— * 
Aja-**o«- A-»>AP j-w-lSsJl eA ^SAA j . jLJIp e_^> ^SwJu p. 4^. yaj ^Jj JjCj t J Ajliidl Ajbj— jib 

^J^AjI ^s-I j) (^jLSsJl ^KJI 0llj . jy+aJ ^j£- ^*-*^1 AjJjP A^- APj L^J^i A__)Jj>«-* 

4^* Dj^yaJl I^LilAl jSAvdlil ^^P ^aIi^ J^JUj el-i-i3j .yrt? ((cA~ 1 Q~ 1 9) 

A^Zjeil A^ Jbeil j A-j^Arl A-«- Jbeil jju AiLAl j jl A>w>lj dj j-yaJl j .A .y ^sje»j ^Ja__oj*>0 

A-> -UaU J j}a]\ A-^-J ^jip jej^lil ^JaLp • iJ/JJ-“ < J»*JLi A*5j^ I L^i b*LC Aj^b^. a 

.A^^wAfl A*^Ja 1J I (J ^jaJl 



jAj ilj tOU^Jrl j <2.1 yty oUl 



/ 



4_U jOa AxOil 


0 




i> 

AajjjJa A*juii | l_j^ 

. o^*-Ls Aiuc. <M OC-j 4 _iauiA. AjujJC. ^Vw nj ^ ^Lllxil jjuil£il t(l0~19) (JiuJI 

,<AaJa 4 f'J r - j AjJ^Ja Auu> AjuOc. aJ jjuA£JI 

<J (J jjAlJzJ} 4 jJjJ! <J la>- oSl JjS/l O-jOJIj [ JJUJl LS^ ,/4^ j^~4lil J^a — aj 

O^^J l-Or 4 jIw? La^aP A*LJliJi 0->lj «JLxjt (Jj 4j j^ljaJl 4 j JjJl l) O^^J . j^S* |» * A - ^ ♦ 

oli oL-JIP jJLSlii jJ>s3 ^Jj*lp jwu ^jSoT . 4^; ^a j\P 3 j U>*) lp- ^j * 

^j^*lp j\S"" UiT tljwli A^JL^Jl 4 _^j0aJJ Ol-^ L<*l5"* 4-J j- ^ i?l 

.LuL) A^wvi ^ -I 4-*^ JL»JJ ^5 ^^1 <J S-Iaj l/ 9 ^ 0*^ L5^ ® ji ^C*j <— ^jJ»J 

4-u^-vw^rl A**~bJl jJsl$ ^Lj C. —..*»■> j (Jj J^~ (3 ^ l*]l (J$ j*>^ I -Orl^j 

.(l UJ| 31 ,y» OiiOJl oo^T d h J&\ J~>\ ^ .(rn 1 ^ Jii jS 1) in 40 


4 ia, . i-v 4 juOc- A | *>»<~- ^ ■■ ■■ Nf*- 



J<Oj£J! 4 jJjJU-4 

< j5"*Lisil aJLfc yuj .Av^-sJrl oU-JL*Jl ^Jl ol) jSwJLl)! <J <L^[^a AJLjc* ( J5^ Li~* .Or y 

■ jjUigjJij ^jjOtgjJi 

<J,I Aj jl yil 4 -J j-^l 51 O-si^/1 (wi^T Aj j 4jwL>«i.l oU-JbJl ol ^jA {£j^sS\ Ajj il Ttl J 

4JjL>- (Jj 0^^ ^Ix^iJl Aj J^J l A^^wmJtI O^JLaJI ^ t. j* jl j £~ 

-li>- ^jj aJaA) A-i-«-w*Jrl A-wjJjJJ i3 _^l ol .jS" jil <y ^ilLj jlil dyS" j ^jP ^iJLs 

Ojj-5^ Aj jlj jljail ^Jl ^L«--?r^|l jjjllil l-Lfe .A-w-OjrJI (J ^glp l-O- 



Ob aJt : jJLp 


Q.«^ A-XkAjtll -b>rO y«P aI^-aII y3 f y^-C . Aa£A~«J 1 ^yAJy O^l^rlS”" tb^o 

.bj^S" J Js 01 y» ^Aj Paraboloidal 

y* ^LU j£\ Ojy^aiJl f. jbail £-1 y\ Jl J?1 Ab*«~ Jl O-A*]! ^b*- J 0^ (3 JJl £ij ^ OA ^ 

4jjbO ^g3t»,«.a.;Jl f. j.,^11 <0*jJb y^ail 4jJb^>* O- Ap y^-l J Jail Oj^j .^Jj J ail a*??- jll <Jl J?*)U o y~5”” 

Oljt? o'yiA yP .j^Sfb AjjUL* yw?*^ J y*2>lj t J-^Slb AjjUL* <jjj*)bJ t 

£c-*>w2J yS\£ . oyjjl AjjlJ jUaiS/l olij oA£ OA*M ^L*OrS/l OM y>- J y>- J £ y*«Jl j y0 J j>- ^ J yj 
jl yubji* oL< A*jl oJ3 o! . <S*jlf LZsUudf ^lA?xIv*fb JnOj yJ y^ij yjd J ^ <3. Jl £dj — ^ 

oJlA .yAT . (JLvali'Vl Aju j*» AiU-i oibC. bg-O ju aa ^J^Lftll ^bs-jil y» y 1 y* ypyAA* j£\ 

.^b^fl oJlA o ob 3 Aw'bw*'! O^U Ay jJ^Uf lZ^L^-AaJIj A**-«*ibl 0->b^ A*Jl 

1 yA y^f A^Owvkbfl A-xA*Jl JfiJ O^^J b»A*P . d yu^Jl 0 y»l^Jl ol) ^J\-^~_Ll5l (Jj A-> A*Jl Jjk OA A^; 

If f s* 

cJap-'y US" cJ*lS" J^Lio LU* y*J £■ b>r Jl . bjSLi bijj ojOj 0-£ 1aj>t aLaj biU cby Jr m 

oAfc y* yaJ>«ALI 4 j5j Jiff (^\ A>r y V . eJw? L p (J Oj^-5^ dJib ^ip O — jIj lil 

,\Jp jS/1 oibbl Ja?- jr jb^ ^|j!j g. 1. At « ** b d^C^jwA.! 


4«utSi*it cAjjLuJj]) 

C Ji j CO lS3l C->>b ^^wJLxll b^J> C-— jlp ^JS** l-A.ll ^ip l_JLri] 1 y^-C, 

£A {.ofjsJJ Jjtyf grjz+df •‘b^-vJrl oL-A*]15^ oL-AaII ^lA>LU-fl y* \Aj bl ^il ^IAjhj: v-b 

' t * * 

C^Ali (J Ji c-Jbstj <L~*£j 4 ^b»ryll J*>b>- IAjI tj*ai\ yr V ^y>rjbU { Jeu^A a 7 

C_ibw?l oAju J>S^1 jbUitj ( A-Uf2J <L~2*r tL-i-bbi ^y* bl ^p^ 0^*- • jil <J j U j A"j J ^ 

. Jfc yli 4-L^*A* 4^>rl y« O-’bw** A a3I 

yjjjjjJt o«sijdi 

* * * * 

ja jiiSdl j b*A?^U^ Wj' Jljj V i^jJl y* b*fc5^"Zp if y^C*i **Jj yj yJ 

jJl obbi c£A>*i (j AlA* 0 yO» oTy y yyy// ^S'fjJf ^Jl^> y_ y jJl 4-^5" UJl ob ^L^_Ul 

A^jauw* Ojjivs dT y cJUAj f-yAaJl Aj>~ jIoa t^> y-J*)bl y>-S/^ 4jb^jJl 0 ^SvJ . J> j b 

yAb>r c 3 y^* g.ybaJl yj <AU*Jl <**A*Jl y£. (_^A]I <-J> yj^bl 4 j>- yoiLl 4 j b^J ll y <• ^b 45 ° 

.(^ — 11“ 19) Ay^l 0<A*J| i£y£z C-Jjj'yi 

oT ydJ Jbuijl ^b^)l 4iL«^ J^-io yaA>*l) ijl jJl f. j-saJ 1 y 2 ^ ll olj Ll t ^ ■> > A 

Olj .Cm 20 y y ybl y*5^UJU A^^wwJrl oT Jl JaJ c)l y? yil jA Jlt^r . a : ^,^ -b l 
4j«ly J^b yp OjLp VyJ' *T Jl LlJlT lil .(cm 2 ) ^-» jA JUS^ 314 L> J; jLO oT yjb J^Jl 
.0»^jbl oT yJLl J^sJl ^JxvJl Ap-L^w* y* 4jblb 3 y jbo yilj cCITl 2 9 aJ^JI bf^-L*^ jU c^_j jA y>.:;.v -3 



jaJ'j tOU—Jrlj rdJlilt vM ' 



(') 




‘(v) A^ujw.11 alkali £yJa jj (t) ^>^1*11 :(11 — 19) j£*Sdl 

.A-UuaaJl alkali AuLjlH A-juiAacll 

"^jlar j>P Ajl ^Ul .Jj-L*- AJ jj ^I^U 

£-Aj ^1 ^L^S*rS/l AjJ^J pJL* ^-^>*-^1 Lft-Up (j £jJ^aJi ij— ^ ^ ^ ^Sw UJ jl S - * 

aT jll ^1 $. j^aJl Aor jJ (_£ ^P-l aaj ji? ^lJL?»I«^lj tol^-lpj^fl aJ-A ^lp tl^lpLijjl ^ — Lp 

. AjLjfcJl 


^jjji-ualiit qmS\& 

J$ y* jJ* L*S”* Aj.A>«JJ aTjll C..^;ST y***L^t ^ 1 1 19 ) £*. S^JJ 

Aj^Lati.) a! jll ^jP f. ^<^aJl ^a^jCj .A/sa^^ri a! j-*JJ <JbuiJl ^ j^\ (J^jaJl ^jA aT ^ll \Sa Jujj 

.AJLjiJI A^JbJl ^^Jl A**®-w^rl A*^Ajl)I ^ j* c3 <w»A> (J$ 

# 

^ jAJ Ol-i Wo- aT jA ^IJLatL^lj LJbjji jy*a3 l-J jjl ^IJLSJL^b ^ yc^l5\Jl Ip Aptl*^ ,j5oT 

tAasokliJlj .Afc*oij all a) (_£Jlli ^^j^-wiil ip ^^L.»JL ' ljl Jj a! jll ^y* j m ..,/j> ^ — * j\ 5*"t 





if*) ‘LJLjJ b ^ A^l^-P ^* jj l^si I ^** 3 " "\ ^P 0 ^ . A^l?**-s^ Ujj jit jj > „i£ji v 

. ^l.^..i*»jl 4 a** J 4j^j L-J •/ 3 * w ^ ^ ~*- a J*IaJ*. 

cjjLdJjfl Ciliual 

Oj^L«Ia1| \'^ m '. oiX&J ,<oLb^tll ‘ " J ' i .J <LJIa3 _L*v- 4>La O-O^aIaII ^j^*; jy*J 

.xA j£H i 

jjjSSS 

JUjJ tLlji3) . ^3 1 jJlJ C--^“ j^JxJ ^X« tX 4 J J^*jJ J 0 jjlilj Iv^jI ^P*Ajj ^ 

^*<1^3 A*J ^5 ^-L»j L l ^ 1*$\ jA j£l ^Jl 0*X*A*il ^L-kAo^r^l . » ■■ — . " >x->~ O-* Lj e ^\ « ^ „ , l« l l 

131 0.5° <— ^3 i jia 3 JjUj ^iJl l yJ)S\ x20 c£ ^UiJl J^l*i 

<u^< ^5 ^ j! j ^ja3 ^JjUjj il ^Lp ^ *180 v jSLJL . 1 0 ° j\za\ oli*3lj 

.3° 4~- J» J 1AJ jfjaJ t(Or jjJl ja V 60 ) 2iJ^ 1 

ST^JJ JUil! Jj±\ J jjaliy^ oir 131 .4^1 J 2l^Jrl oUj^JJ aJ > 1 Jl L^Sfl *tyju juS^Ii ^-cJ 

IAjcja^JU Yfl ( J^*Lp ^J,llilj^ ^ Cil.X?“^j) A-IaII ol^lJ (J tA^*^^rl 

rn = /o ffc 

. Aa^-^w^~ 1 ol ^JJ Jljcflil l «/3 j ) 1 ^SC ^J I c A aaA^* AamP 0 I^L A«a*» 

. ,j0Aj oT yj] JlxiJl ^ j^\ J ^JaJl o^Lt J j L^Ljc* aT ^1 A^*Jl) 


jJr < yu>^*^r j ^J-^ajaJl ^ c_-^ A-j l^L«j t d jJLaJb L/3 J I ^ PJJ j t A. — HjJI 

* t * 

aJ Jb y>jJL> Oil P (J^Iaj J tljljjJlS"" 4jjJi .f.Lk^Jl < j^* A**oiJ j\ ^\ll <3 ^ *l£ J. Jr jA 

a5uJ| i^jIS^ jj w 3 ' i-X*Jl OlS^ L«JS^ .^A^rji / 3600 O^* 

A>» j-Lk-v*Jl C 5 ^ Sr^ OjJj ^*»La 1 ^J</3 „ ^S/' AAj j jail 

|jj> ^ aXUII oULJl JsjI j>- iJU>tj .{£ jljil l g yaw; O ^3 ^ ^*-Jl 

j|j^« ^ j^iil ^Ja-w*JJ a 1 ^ 2 jL« 2 jaj j>- j ^xuiil ^ 2 j>i_J 4 ^ j^>-Sfl Aaj jjail .eJ>U il 

. 0 jl^-L»l i+y ^ ,^tSLL > .* tJ 3Jl ^J^yaAlil 

^ < JaLx > o ^%Jl 0 j j-^aJJ (jg j^l Aj^xil 1 ■ “* IjJj ,<y^A ^L>- Ji C^ J ^ — :PjLj 5 ajJl ibj ; 

* ** , 0 s 
t— ->' ^javsl aJLc ij^A ^japl JL^- li ^w5 c4^_^*jL| oT ^il ^ja3 jl A^JLuJl ^a li Jb IfcJu jjJ <^> ^SwJLJl 

jl (4-iL aJt* 0 ^Lil AjJ^il C-JlS" lil) ^il 0 JL>- Ai-^il J.^IxJ tiiJJAi 4iL35^lj .(£ u-i’lAjJl 

.^A*jaJj A*JbLC ljy»lS^ 131) k^^A-JUlSvJkl ^1 A*il y ^^i^ 0>>l*4*^-l Aj ylA- ^1p 





Q*y \ Jtixu < 

,flwL^Liw*JU ^glp Aj^-Ajjj ^ ^-LajL» 3 f. ^ySait ^)a (j| 

j! U*U*JJ JL*a] 1 ^Ja—Jl 4->-L*v* aJ^Jj (j\ t(m 2 ) 4 aj jll jb>^/b ji (cm 2 ) 4 *j jil ol ^l<wli~Jb LaJjJL^- 

oU ^Jb Ob>“Sll ^y3-*J (3 ^JLP ji?*^l 3 ^r£ • l5^ {£ y>+~-* 3 4*-*biL* b-1 fl lj ^11 

.(in 2 ) l*j jii 


£y*£ ^Ja— ^L~>- cf !L*^3rl Ua»JjJ 1 Jai lJuoJ Ljapf bj c, ^ Iff w ^SwJll * y - Jb 

!4ji**aJl ^lJl>*l^b ^4 £ j^aJl 

v4 =71^ 

ol A 0 col ^u iLwJl; r y j2-*0l iS j* bl .3. 14159 bj jij 7t (Sj ^ — j Ou. — >- 

.4~ >1 jb^fb ^ 0 j5^- JbJb cjli^Slb r Ob' blj ^ >1 

c^L^o- cT 4-^^Jrl oT ^il J&J> ^Jj^aJ hQaPl bi t^jb'bdl ^ j^L*. bJU <L— Jb 

1 4ju.,<all ^IJLpxI^b y| £ 

A = nr 1 -B 


ji-Jtl il J>- lil .Aj .I ^ il <—■• A~ j Ojl— X) (_£ ^>r (_£ £ yjSL>\ *y^>7 ^a~M B i ^Z£ tt-- — >■ 

j\^% V i j£' j>ycJl (_£ J>r bl J $4 jlj jil ol yl Oj^J t4ju jii ol jl«JU~Jb B J ol ^ UJLL^Jb f y* 

.4jw jil jll^S/b ^4 C4 ju jil jll^S/b 2?j 


Jlkd Aj&J JLl 


* 

cLJUj cllxSor .*L^Jl ^ 4j yb 5 jiJj ^ cJJLj bi c <_-• jSwJLdi jjaill -Up 

biil^ A.< } } & ,*a i. v? |» . - ? r (^1 j t <1)1 

<j^j^ ^ iui q ^UaII { j JJrl f 4 jJj — // &>■ 01 ,((12 — 19) — ^1) 

UjJL^ ^ 'i/jj jljJl cJwaj 0L?-Sll 3 >f= -j' J^/j ob>rj-llb 

.3j^l >i« 

AjJ^Jl ^J-i>- Ui . b*L& *)b*Lp <w^> 3^-ObJl j^-^sj jU*j .^*1 jp- oUp ^jIp AjjJU ^aJ -1 -Ux* j 

^(3waJl J! tju^ ill o^U^u 131 . U;b y^S/l J^l ^»Jl *bb ju^ll L^-31 p J Pall 

.c3bw?l ^jtjjl jIJlSX. JiJO ^bjj cSjLb-Jl 4^3)1 J1 jJ &> 01 ^jiajiUl bj 

buxlj jJ-4^-1 Oj^j A^w^-jirl Ua. J jbl C^OJl — ^ y&Uai! ^J^l (J^“ ^jL) 

44jL3 Aj ' bfjjb*- ^>-1 oLa»UP cibL^J .90° jl 60° 4 U*«-*cM oLa»UrJ 1 ^l^j^ *j 3 

,30V Jit 



jij q :(12 — 19) 

•i/j'j^ jVj ‘jj^W ‘jVj 

aJLM (j . j £- I li^la ^1 i-wJbJl Jfa* <U~-J ^Aj Jyljall AjJ^I ,JJL>- ^1p J>-T ^J^lp yjj 

^ aJp J jso. J-l ^jSlc. ^JapS/l <jliail ajJ ^ il ,JJL>- jlS" UJS" 4^5^! a~~J 1 dJift cJlS^ US" 4A_*L>Jl 

(J ^JtP’ L*1 £aJj ^ jaJlj AjIa^sJ! Ij d^yu^a ^*Jsl*JI Ajiijall AjJ^JI cJ 3*^ .j\5^1 t <-J 

.lj^ J y&- A-^aj yJlj 6 ji-^aJ| olj j^LJLJI (j ^la.mll Adljall AjJ^il 

(5-19) U- yu 

aJ jLfi> cm 15.0 A-w*»w^Jrl Awj jp IT ^Jbuu^j /^Jl g.j.^11 a^ S " ^a L* 

.Aj ji* J$Li Jjr uj! jJrl ^ ^Ip ?cm 6.00 A-^Jrl AjI^j* ^ia3 \p (*P 


(5-19) J* 

jp^v-LiJ tiJJJJ .^L^-^Jrl oT jll jt A-^- JLmJl ^LaJ cJwaj ^ c- j-jaJl £*•»£ ^ja-*» *■ - .^ba 

A***J ^ £« C-J j^L«idLi yu^S/l C-j-siaJl A3L~/« ^1 ^SwJLdJ j\S^Sfl C- ^ *-£ £*Ja s* 

aJU-I db_A (Jj ^Ubj .fa A^MjJl ^PJJ llPJl .Aj^-m^-1 C^l—JlmJl 

k= 15.0/6.00 = 2.50 
A 2 = 2.50 2 = 6.25 

<-p ^SL jLdl Ax*j£ L^iJl ^ ;A — fllb 625 jl La* — 6.25 jj — ^Sfi <-r> — LJl £. «j£ 

.yw^Sll 







( 6 - 19 ) <iuu 

.mm 20.0 wJrl a^-juJU J jjail ^Lj 6x100 l£ «->. j*£3l J-*Ip of y* J*\ 

?<LIaxJ 1 4-w-0jJJ ^ j£-\ (J ^jaJl l* 

( 6 - 19 ) J * 

f t — 20.0 £aJ J" 6-^ A^^O d-Lfc 33o o! . OjJJtil p— -Jill 3 ^ J->*j^I 

JUbj .m - 100j tmm 

™ = f/fe 
100 -/^ 20.0 

f 0 = 100 x 20.0 = 2,000 mm 

./j — 2.00 m 0] J /ia* of Lu^x . 4 ^*La» ^L#j1 aj^\ij ^yP' jwcJl L jlaj LlOjU 

( 7 - 19 ) 

. aJL$3 20 aJ^Is (6-19) Ajt*-**ll J <_3 ^^*«*li)l o (^-Ul ^Jjall AjJjJI 3"^" ^ 

^Jl aj j^3l aj j\j y y oyy mm- 10 a-^p a^-Oju mm-20 a.:.«11 a^-juJ 1 cJjy 3l 131 

?<_> j^Ljbll IJ-a o yjj <_£iJl aj jjU jllail JJbJJ 13t» imm - 20 a.:.»11 a^Jj»J 1 Uyy 


(7-19) J* 

jj^o coJbiJ .mm-20 a— o*Ji oz'jJ <yuJl ji-Suli mm- 10 a~*^ 3*>y 

jf lJwuJ 1 jjL^» mm - 10 V~p a^-JLp fO>^L~o ^uJl v j^LJbdJ jllail aj j/ J — a>- 

10 aJ ^ Is jJL <yjJl ^ yd 1 


s » 

l - l £ j^l ( uJjI ^ JjIiaII ) J ^ XaII 


.03 ^^-1 3^0*j lO^ o jJt+di jy*P 

4 j^Ljbil ^ */3 > OL^"S/l ^5 ^^^'l ^ « a </3 1 AmXo , C_^J ^Jtll (Jl^'l (J$ Ajjljt/* ^ fti^-l 

jy J-*l 3jjJ 01 L^j: .03 yL* AjJL^w* oL^OP aUj^JI y^Url OjScj .(_£ ^>-1 0L>-1 3 <UP (^JlIu — i4 

5 ? > ,* 

,lj>- jyS' ^|^Oj J&j Aj^ ^ .x20 jl xlO J,1 J^7 


^ yiLu^Vt 

4 l 3 * yL^“l j 3 *. j 3 4 1 jrt <|^ 3 < A - k - o - w^rl A^iwLnU j^l 3 O^^J • O ^**'*'*'^' £| ^ 

AiL^c. A^g^Jri a^juJi (j j# oj oJJi .Lfiil 3» Aj^Ji /y» ^iiij cjif ji mm 1 

Oj j-/aJl o-Lfcj A^k-w^rl A«^Jjtil (j\j (5 L^pJjJ j) AiU^il 0 j^j .<J j ^- ' 3l ^ ^OaJl AjuJ-VI <2 y 0^>- 4A*at» 

,A :i ^w^rl A«wwJjJl oOjt ^ j£-\ 3 i y* L«j 13 jj^l 



.'jJLc- 


4**ydi $ ,<L*-**3rl JudJ ^5 j^\ J ^laJl J jb\ 4*JLy»jl 4 -w-UjiD ^ j^\ <J ^)aJl jj 

c-j-^a Jl jj^ OjU^jfl j>i jj (3 0^^* • ^ — i! M4* a^l Oj y^a. // 

y m ‘‘T**^ J* UaJs^- (13 — 19) . 4iljLi */3'i C~jl5" 151 Ai-jJl jS> 

,4j**jl o jU 1 4-ji-S " ^ y£ j 4*jL5* 

a % 

JslJ Jj ^1 4jb*odl jJ jJLXj 1*jLipM ^jSv-C j c ^5" I jl ^Iv-wlP 4-S" ^il 4 j jOxli dJULl — C 

<* 

j*% ***3i L«UjLP cb*^« S* .A*^a A*mP 4^*i JljJ A^wmjJIj ^jA iS~>\jyL***A o-LC- (jJJ5 ^ « 4y»»>* 3 rl 4 ■>■»» J^J\j 

a f * 

j j^-^j 4-5" ^il .ihjJ 4-^**3rl 4 ^ i J j—JflJi 

1,000 4^»ll* 4 aPj^j 2,500 — >■ 

.^jlJU45 






ts-UaiJlj :LJuJl <— *Ul 


j*Sj» 

^ \£ 4 :*.«&: * tLgL*l$o X^y^\ Jjj j£- J fc > J L>- ja jil j^\ (J f. j^a}\ yS~ ~> — £ 

^ <3 y^') db* oS/ aJLS-5 aJT jij dJJi *1 y*-! .Ji-^l j JLty Jl 2L^Jrl j 2L ijJl 

<* 

A^*^al^ Oj ^dJ ^J| A.w»x>4*j ^ I A^JLwJl AaLhw* AaLwi 

oL*~ldl <JLp 4 j ^SvJ ULo ^iJl jlS" L»J5^j J ^)aJl 015** LJ5"* tA*l«Jl a]LU J$ 

•Ji' &>■ j* (nm (2 x KT 6 m 2 Vj l y 

frLiij <— (3 ^ . w" »<*< ^1 4 yUoJ l 4**~v*Jl LS"* lil 

<0^ A~*^ ^J-vai AiLv* ( J>-I ( j-* djL? 02> jJ»r oL fl J j+aj J> J jii olp jJ&Lrl . AIjIj 4 : ^-~ 40 

.(in 6.3 Li ji:) cm 16 Ji* .a-i^JI l-jl*JI j 2 l*^Ja 
A iLLi olsa 5 jl <LUJ- ajLJI cJtS" LI j c a ^hi) I Jlj aAaJI t_3\5"* dtL?| ^L^* ^JL>ti^l LI 

(3 AiLi ^ip J^*A bjj+0 JaL-L 4^/* Ll^aJI A->*A*jl J tcJiJjA-l lijU 

L* ^0a3l A yL fllil dtoLft .jljAA (3 AXw» aOLO ^1 &J j 31 dJlA A) ^Ja# dl <)a2«.**i . A£ j— nil \_a& . >j 

.Av-ui^l* j\ j^l)l AJL^jaJl A-J j^\ C->!i C^LwJaJI ^ 


J jU/j (jU.Sfb) V-A- 1 -i-J-U y»_ >1 J > ll y./ 0 jt J ? >1 .(14-19) JS^JI Ji 

AaJmxJI A-^»JjJlj A^^-*^ri A*>-wVxjl f { j^ .(jL^SMj) A-JLj^Ji A_ *a JaU ^ 

AiLLl tj «,a ll ^Ja> ^_,^>^: L^JjS" AiLwLl {Ji j?t A . J \ J }\ j . a 

^S) ^iaxj .jL^-^l ^Jl (jLl*S/1j) A^!L j l X -\ &j^ s o}\j Ay»^s. j r^ A-^UjJI 

Aw llj (JUJj I Jla (3^1^ jLuj L JL>u 

m = [(s-fo)/Q K4 + 0-25y/J 

^Jalfc«j 4jL+a*a <—Ayjl Aj j-iLl (^yJli A>wj^l ^Jl AjJ^li Ajj3~l AiLAi Jfl-vw ^L« 0.25 C 

.m 0.25 L jij c 5 jLJj ^ -Jr' aj jj Ljjp- juJl 

. A^maJI A^wLaJ^ A^»mi^>». L I w\jl! I j^^sj <^>j^3J jQ&\ Jr&j <-^LL- AajUJI AJU ^JaJ! ^y3S>^b J 

A— J-wJl Ja-^jS^ f,! ji»l ^IJL>tl^l ^Lp A^UaJIj Av ^ ..^. L | oL-JLaJ| £* ^IJLpS/^ oAa Aj JJ) {£j £ 

m e cJl5" Ll . a^uaJI a^-JjJI j a^—Jt! a^-JlrJI ju a^LaJI AiLAl jJAjS'j tvyJl a^juJI j AwwJrl 

^7 aJ 5AI d ^ a] 1 d)^^J ^l>lliljj tA^«-v«Arl A**»Jjtll d y /77 q^ AaJLmaJI A^vJLaJI d^i 


AjJJxJ) j a£a!) 

j!*Aa* jl Aijjl 3 AaL AjLv £?1 ( ^j (3 A^-wy^-l A*v JjtU A jjJjtJl 4j>kJL — jiJl j* IaJ 

.tiJJi *Aj~^ LL^" (15-19) (^AJi J^vaAlJl 



Obj* oJl : jJLf- £*>Ull J^oil 




. (Jxualiiil (j-eail 1 £A.lj . L_j£ja 11 Jg > oil L- ll l{\A~ 19) 



. (JjmU'iN jj-aill £_^J j . 4-LajuiaJI Ajuj^jlIJ 4_pJb*Jl A Villi I (15~ 19) (JLuaD 





K ^ .Uj a ~*)1 Ju-uJi /> 3 jli lj/s > wJlI a 4 ^' J p AiaiJ! ^ jlil L ^SLJ 

O^o jl y? ^liil yi) . <L*Jl*Jl A>OaJ ( ^ry\£~ I t_3 J , M £> ^Js>lij ^jJlj P 3 jl Ll yJC~+ ll 

A~®-~A-1 A~-L-*Jl Ja*>* ^ll M 'K-J L AjjljJl ^Li C[ . (L> ^>rjlilj ^ 

.M la ** ^ll jL*^jI 4-j ^5 r m ^j^il .Lftjij ij**^ tpl _^1 diLp 1 a ** ^Jl 1.XA j^^> ,jLi>-V1 4jl*11j 

t4 0 A**-*mA-I <U>| Jjtli AOOjdi A>*1 aJ1 ^ aju ^LJLj 

A = ^ sin q 

A q t 3 3 ->tA> -X?!-jj .^jOajl a 5 jJI cJLS" US' ^4 o a^J cJlS" 135 "" t 4 -*t*ll aJL 3 I 3 

I^jajc* <J^jaJ A**~ 31 j JJ A^-A^ri A-JLJLS 

. 4^+^~J-r\ A~-Jl*Jl Ja* diijJ Ajl^l*l • 


,r m ^*-5 oLj Ajl^i • 

.O^U^I £ yp A>r yA (J yP ( yp\pj \ A-jl^-*| ® 

LjS ^JSs*JUj y*So ^^3 jJ U-I jj cljyw 5 j^-^Jl jjadll 0«>i5 A***-— *Jrl LOL-OaD ^5 <J^JaJl 0 y — 
j ^xJaLw-u cj-wailll Jlp jOjL y*Pr jlo>-lj g.LJL*Jl 4 -~P ^j L*-Up cA^rtOiilj .g.bJl <j u? ^ — fcj 

^^JT. tjJJJl] a5L>^1j jl dJJi ^ ^Jb .L r «J j><aAJl A?r jil J j3 0>5 (jjjS/l P j**a ll *3 

jJU5 j ^aaj . c^j jJl5^ caJIp jL*^J! o y (£5 Ja^-j J,^ 4j^tii j a^^^LI a-^Jj»J| ^ — j A/ia - ^Jl 

AJ^jlII ^Jj) .NI ■ la*.** g-jvall AP y^t fjh+j 4jSl A—JLjl11j ^ la > A >? y* (J 

yrt.aiZ- y&y jjL^ijl lAi jylj -b*r jj (!^i c A j>t jil J y& y t^M — 'jja 

A>fcli yiS ou*aJ j^S\j A^^or A^JlP ^1 JL>«JU**\j di-1^ tA*^-**Arl A-^JUU Jljuijl 

( # 

. AJwjJI A--JL*Jlj A*vJL*il AiL-«i.l d^bjj y\ tljvi w? L^>r]a^ 

OLT bl ^J! 'j^JbH 3 jlil tyA J* u yjj ^Jl L^J Ai >JL ^1 j jl — Ll 

jl j^l) & Aj^L>-I pj-^aJl y* X& ylA ol ^ll l) 1 4(3*11*1] AiUia^lj cA?rjil Jjla -L — >-j g. j ya li 

y £ Jaj jl ^So*. ^ ^ll AiIaJJ a^ y!uA\ y\ 4j ^iJl Ol^ll -^Ji (Jjjl jf j-*A>- 1 jl yLval jl JUj^j 

.^j^a-j^l 0 jlil £* UJb JL pt- 

(8-19) 4JLm 

, * * " 

U . X 5 ^JLjJI A*wJLxll o yi 02>JL>- LoJU; 4 X 10 c— S' jli y£2x*±\} A— *JL*il 6 yi JuJ^- {£ y>r 

?m aJ^I dJlA Jt*£j y* 

(8-19) Ja* 

.4>4rl 4*»JLj*Jl i— 4 

m = (5 x 10 ) x = 50 x 





aJLwmI A*jL£ ^j£- y " - y - ' lii di^r A^^Iiil (J -LLP !j_& (3 ^^lll ^1 J, P 

ajU (3 y* j* <jl LJLp c^^>6-vs 

AlP . Lfl -* jlil f- ^ 4j>r J ^1? ^ip ^^-'•AP’l i_JLJlia ^ aJsIa— o Aj A>x_* JLP . 1 

(J,} j>J bill I J-A (o' jSLUli) A.*.^.* ^ A^A*S"" oA g < C' 4 ^mJS' ^IAj>«_L**>I 

•c^ 1 ( a ) 

•^J^£o(b) 

( c ) 

Jl^lal a.^.:Hj Aw-^jlJ JjJaJl AjwL>*i.l 4 ^-JuJJ j] .Alial^- A.ia)a;iJ <l«JJill — S> V (d) 

. Lg-J djlil £ ^\ y»\ 

.mm 25.0 W tmm 1.00^^^^ v--*’ I ^ jt J? y*\ .2 

y> L. 

x25 (a) 
x625 (b) 

.ju^l jJ . J ^ • x0.0400 (c) 

. ol* jLiil o' Atjl- (d) 

. 1 .33 » jL»5sjl o tL* ^ 1 .52 jL-sSol o i tOjl ^Jl j ^ ^_jJ l _ r ~^f- f aJI — al .3 

Ajjljjl A-*-J L» jJW j>P A ? .*>.; l l) 45° Aj jljj jJl> f.\ll (3 -ii^>t_L> 

?f.\ll J ^ jJLll j^tiu L»Jjlp pJs>LL) a ; .^.; 1 \j 

38° (a) 

54° (b) 
N45° (c) 

A-i\ ^y» Ijjl (. J*a}\ jSi ^ .AJiiaLp A-jiJalil A-aJJill ^ L P 5 jj\j Jl?tj j \ (d) 

.^Ur^i ^Jau-o j^Laj^j L*JllP ^-^jCLww- 

(_£ 4j!j .0.85 d j^- :, *- ,0 41 4^A*JJ 4 j^JLuJl A>t^ <iil 0^ j *4 

4^-JbdJ Aj^JUJI Aj>OjJ1 .1.33 djL-^Ji O f.l_C, AiytJlj 4^-JLnJl jjl 

■>* ^ (a) 
.1.13 Jl ibj; (b) 




i£} y>H\ ^Ut 


.0.639 Ji (c) 

. oL* dJiA t£L~>- ^Sot V (d) 

j^UJ Liij .5 

4jli 4jtiJ jA o jL^SsJl 4 Jj ^5 Jslw-j (J,j a^ojl^a djL-sSsJl O Jau-j t>* (a) 

.oJ-l yS^i 

4 jLi 4 */3 A>xSA 0 ^L**s^jI A^JjS ^ ^1 A^Jlp 4 Jj ^ Ja^- j ja Jiiii <J iJi y^\ ^UA]I (b) 

.jj-i y ,j~£^i 

* a 

.d^jjj L*\Jr ( j*S'\jla 0L4L ^ 3aM <j* ^ (c) 

O^iU jP \J <^\ j+*j (d) 

^ j £ i J jW cmm 300 ji y u*l£jl Jai ja u S U ^ jSCJLJ <^Jrl Slj — Ll j — 1 Ui ^JL — j .6 

c5 jL-j j>-Su!! .mm 30 a^jl*U 
. x 1 00 (a) 
.xlO (b) 
.*9,000 (c) 

. oL* jLiil a Jla> ja 1 c.-jL^o- (d) 

0 * 

dJbcAl <L*JLwJl .7 

. 4j j( 4 j jiiii I p. j+/d\ ^j^>- £^u+*s (a) 

. Ajl*^ Ajai* <j 4 *-$^ 'jS j (b) 

. 4j J^xii A*-0 jJ\j UjJ yu (C) 

(Jj AytMWW ^ - (d) 

jL-sSsjl ajj y ^ l* .km/s 270,000 Ca** <— *bLi Ja*-j <j ^ <p y* oi yz> j — i*l .8 

? s- j^aJJ <L^jJ\j Lj jA> Silil o JU& 


0.900 (a) 

1.11 (b) 
0.810 (c) 

,ol* ^lxll aJi* LiL^>- ^j 5 or (d) 

I d^Ljj .9 

.(J5 J& ijy* aif 4SZ (a) 

jl (b) 





.<^■3 ^ c-.^ L lIj f. j^aJl £ *\a»* itajj (C) 

<u?l£ d ^rl cM ?2.4 LajL-^sJI ajj ^ 5 d jjh j-^1 Aj<-i^AJ <b*- ^^-1 aj^IjJI ^ A *10 


.*•1 jhV> 

25° (a) 
65° (b) 
67° (c) 
90° (d) 





A U44i ill Aj 




p i .. . 





A*s>Uto Aj . i*bJf A. t J AL/ jjxJl OjdSf A»«.« «3 l A» j,i^;ll jl j$*a ,„.| 

* % I jfU*v t , .f^-,. 

I^L* 1 LiPO c 4 y * * wJl jL**P 3 to’jLkAO A/*LxJl j l t Axyj j. 4^ y mi » i £^ 

.^^ o r <_£l L$ *L > jl ip ^I pI laJL^j col) j cAol)a^ f.^ja)l ipj-*» jl { j^J^ £jfr 


L-iLisiS^^ i^*r jil c^jUsiJl LL« tpUlaiJlj tf. ^jaJlj toig-* jx-^l l**JUu 

Ailpl ^ll f. ^jiil £^Ij-»IS^ j £^Jl AjI ^ JL&j Jfl^> j A«— 3\j ^3 j^/l M <» 

. J*i£JI 3 <> EM ^lj-*l 0 J-Lflj J Ij^i" Jxm-J 2 j>r J ^JUu 

J 3 AjJtsj Aj’1 J i4*fry» ^ySj\^SO^ (.j^/ii] jl J~*^' £-''*' ^1 0 (3 0 ^-jljJ ^*i..>> 

V toj^j tp^*^“l 3 jl (.j+ia}\ j^*Jj ^*|Ss3^j 

l» ^sJ jJl*ll jl $.111 jl $.1 jjklS"" tpL* Ua-*« j AJ j^aJl ^1 j^*Sfl £7 C-> ^ydJi ■» j 

c jl^* (j jl ^Ji ^JJl L» ^j-A L» L* ^ jJ Ja^xjJ $. j.^aJl £- ll^ jf S - ^ frtoJUJi 

.yy/^U jl tj^sJ! J^LLf jyfyb ^^•UJl Ja^-^ IJLa ^ jw? t5 T 3 *" <3 4 ^** 

. JLJ-I (jil^ Jj V Ait 

^jSfl j ~£>- 0 l^" 3 s^J-5"" t wb*rj jJ A>l f-l «JUii J^Law-? 

jl5" lil 4j J ^j jlSsjV^ ?jySf^ t^Ji+ZS' eJu5^ d ^r 5!,J> “ 3 J cJ^-^J 

(J^>- ^UalJl pEj^J (J^^" ^ j^\ u**^**' V y»^ A jySfi 

f.j*^aJl AP eJjJll^ jl C jySfl ^ij li[ . j^Jl 3 to Ji ^ 4 ptolj cAiltoi j-j£ jA 

U +Jii j\ J>r ^ AP^r-S ytoAl Jjc4 ^iJl Jtoto] AjU^ JJLu J*- Ujup 


y^j J cOU-J^I j t £l oUl 


y i/oUJl *Jj yA Jl yt^S if y y ^ y\ ^lAll y ij y&}\ yS}\ if- y 

<0 

A^jl^ (3 L^JJ^ ■Sjlj^lj o OjjJl jL»--o y^ALiyj A^a^ty 4jj^ O AjJj c 188V ^1 *Jl (3 

jt cu3 yj ojL) 1*5^ i^J j y»—o 4 j o yiil .U ©Urlj joS/I Ijj 4p j** (_£A * cJsLJu_j5^ V 

A>li (jliJlj cjy\JI A?rj til .yuSll 4 j ^ laj (3 OJbiJl Oita Oa? .oIaU^II <3 L fr***-^ £y*ail 4P j*m 

0 0 

o 4i^U<a>* <yl)i tJj 0 Aja^O y I^JLp Jy^M ^ ^ll 0?lidJ liij y?jSfl £-* 01 

Ajii .ojji J y3 y LA j j ! jl .IgJt* ji^S/t j£ y?jS|l 01 £* I jlilj 43*^31 oAA yyll caJAj .lA>r 

I ^ a * 4^v**Jl 3 j y* *~~ 0 y wOf^..* Oy^-**-** 4jtj AiLpI . 3yy* Oy^**!^^* ^cj Lq 

.Oj^Ji y* 0l£. j yl s-U<a3 4icA^ ^Ip yl cy>-T ^ (^t yl j^k-ait ^1 P yuil 3* 


AjjIj f jJail 4 ^ j-uj 

Jliot 4P 0 y^J (3 ^A^gjAj l$A* yii J ,{, ysial.t J^l3-I joSlt 0 j^3 y llAjjl ya ij 

yp ^laJl ya*j 4 JU-I oJlA 0 y>A j .AjjJLIx* 41jIj y^T ^ — 0? ^5" Ji^- JUlJl 4P^ — ^ ji 5. yjz \\ 

* /? jjP y^T Jxv**j (3 4 -^j AJ l OwlA cli ***** ^ *~^ j — >_ 

.^iiaJL* JwSs-Ao U Jp c^jJlJl oJj& ^yjllJ^jt 

^1 . JixJl oU^ 4jaij ^L»- j oL->Ij jJt ^y* rcjy* aJL*_p yjb.A«-o t ^L — 3 

uJb . yj yLJ^ yj ^lidt y4 «-t-4jl cy ^rt A-Jai^j I Jj4» fi'^yy^t (3 J .t^rlaA* J i ^ 

.yj y ui^» yo ^5^1 cJs'yT 4JL ^jaJ c— ajt AiJ .J yli! \jjt> yj\xA>JJ I 


Jlk* &AJ V 

ylia^ y> j o y>T J ^Ap 4A*i>“ ^ ^ ys^aJt 4P^- J y>- yjU-iAil 4 *^jAJ JjMI jjllill i£S >- 1 C >15^ 

Obit jikt jl lit 43 A) AAil JL» L«^lpL«x 01 iS ji ^A.** 0^1^ Ajlpl-^ 4JL*ly* ^w>sJA«J ,^*^lj3 

.{.LyaiJl ^y* Uli Lg-^jj ^laiJl 

Ajlill yx {.y>r 0 yJL y^ «.y>r ^lj 1^13^ 01 LuP^lj t4j ji olpL* A^xJl CjAv 3 j SxJl (3 ^ iM 

^t»f 0 Ua^- yxx ^JJaJ Oj^j y^Jj .(10 9 j! 0 . 00000000 Uy*r OyL y c^jt— ^ ^Ay-) 

yuy (1^3 yu (J ypf OjlAl ^1 jl) * y^Jl <3 ytl™^» CO jj*-** 4 pLJ| yP IjAoI lit .0 ApUJl 

.4pL<wmJ| Of-I y 1.1 iyfl<J l~yi| 3 yv ^ yli c ,** ^^tl 

(mi/s 1 . 86 xl 0 5 ) m/s 10 8 x 3.00 ‘-' A *)/^ **y <-^-A’^-A-'' JiJ-t j 1 -^ 1 «>- — J 

.( 1.00 ns) slO 6 xl .00 « j-Ai t) L y (984 ft) m 300 if-yt i*y>- '-0 .Ljj — V 

0 ^ 

by>r 1^33 ^JLj yll J 43AJI AAjli 4j ji <pL- yP j^AiJl 0 J> c^^xJU J j& y« JJjL y5"l <jL>A OJbC ,\ til 

y* y>-S' I yJbfiJLl cJUxil lij . |iS 1.00 jlAjaJT. 4PL-Jl oj. 1 y j c-^J yA- cAJliJl y* $.y*- 0 yJb y* 
cciXLyaxl (12,500 mi) km 20.000 43 L — 4 apL^JI y* Ajy^tjJl 0 jt-*> , '^l 3^^ ^ 1*^1 




fjoi-l 0 jSL- c(2.5><10 5 mi) km 10 5 *4.0 •***> t ^-*11 ^ .s 0.067 j*jh h\ } j 1 — k^l 

f 

\&JZ S 1.3 apUJI 3*1 y j 

* 

t43L~ii ^y- ^JaJl yaju LjT *L^aiJl <j Jlalj^l 43 Lb Jji>- dJj ^1 <j *LJUJl ^JaJisS ' I 131 

. 4J»^J? 4P 1 ^ ~y ^ 1 1 4P Oli cA*LttJtJl c-^La^j J il 

g.j) 4P ^*y ^ 3 ^ - '*"‘H jLwwJj'^l £ <) '? <«.« ) AJmX^* oi^l- tjtj 4ijJL^-l t-jjlsijJl (j>^v ^ j ~a7) 
Ol/U aU . j^l jy- £y 1 j (JliaJ Jp jJ-53 cI^Lj! y* JL>-I ^i* cflj>*23 C->UL« * 

AP j+*» ^A f j->1> AP j** 01 (J yLr 0^ .^4 jj 3 ApLwv cI^ULwJlS”" (^1 (Jl ^ 5^ 

. |+.*« a 4 * 2 V 3 ^^^* .^yjJl 

J&* 4*3 

Jr* '~ i J > ~ J 5 " Afrf <_rAr»'j •<►>**’ s-*^-* tTjjj ^ V/* <^■'1*'-" <jAr*' 

.(1-20) J^iJl J >* UT tL.^ (l.lxlO 7 mi)kml0 7 xl.8 ji vV iijj ^^1 Jjy 
01 JloiaJ ^|a JS" (J aJL> 1 3 iJj t Aj J ^Jl 3 ^y- 0 5 ^yl yJ 0 L~y- oIpL-JI 4i^ly ^L*l 

* 1# 

0 ^s~*» 0JJ3 


e_i ja. (J£ J jJa < jJjj 

S^lj Ajj jiJa AJjSJ 




E H 


1 - gji AC- jjJa J^o CjIc-Lju (jLoJ ^j-o 4jj£>® 4j t ^al j^fll 4c^yA I ( 1 — 20) (Jiulill 

?CjIpLJ 0 3 & AoaI j-a ^y^Lu 1 <- 4 AjjjjJa 4iJb Ai^p. (J ijia 





IfcAjjji ^ a] j2j Ur J^bxilJ aJu>- ^jl 4j3j ^laJl jli cL^Uaju ^-^p IJb»r aJlpL i* cjIpU* il 01 \ C. 

4 — « t4-3lS^ ^ c-j^^«vwJL UaJ OliT* lij tUlJj ^|Aj oA^U*! y ***y^~) ^.c. 

Si! 

4(juJU*-i ^ <J 4pUJl ^^P ^! oUjIxii ^JaIJ .^JoJIj a piU* 0 *p-I L$ lJI j- 4 gj)a *.***? 

oIpLJI /jA ajjL*w» 4il~~>> Jp 4 i^-jtSsi.1 p 0 C-^ j jU j pLU® 4.;><U JjpJu; ^ . $. jOa— Jl 

4-^JU»V oNU*jI o'Jut» ^IJjSlwL cJUw ^o^Jl ^1 JL>w^Ij olpLJl aia\ y <j ^Oa C . (J.LJL— ll 

^UsJl *y . la at ^Uaj 4 g It ! dO y y y^^S\ ^lp f-U-»«Jl . j U Al 4-JU iIjLjL *i 

0a3jj» ^y* olpUJi (J,j 4 J p4?jli 4jLi3 <Jl ^>-^1 y*+>-\ <J$ (j j &+~ J oljUO OSf 4£-)ajlj LjT (.iJJJij 

JJLs -Xxj ( /^Jj ,4 pUJ| ^jP iJjo-ci] a*.~Jl \ OjIpUJI oljLO^fi o.5^P <j y ^*** — ^ ^ 44j» j ^ jll 

.Ulill p-^^f <J^U“ cli <J>i ^ o^IpUJI jw-j aJU- 4 J p-^p * 1 

1j*-Xp . 4-w*l^*^* y^' 4.^ IpLw J l ^ t C y l^l .»3 , IpLJJ t ^ ^y ~ I a jA l i jjo, * ^ 4 . - ^ OaW c ULtk^Aj IpU*3I 

! <15^4 Jb>rjj ^ tilUft UJU? j L*-Up .4l$m»l ^-p-t^ai! j jA J^l l;:;.^^ j 

. a y 4 JU- j OjIpUwJ^ 

. UJUaj o^ljU*'yi Jloi 4P ^ Ju» Jp 4pUmJ I d^lf.1 ^3 jl^jj^.’ . Lla u^wipj; U . < NJT 

Lg-v^ij 43 L-JJ ^ c// {j* oIpUJI ^ja ( J-^aJ t4«-*^s-Li yi j 

{jA olpLJi asa\ja c4jtwoJIj .tWaill <_£ ^>-1 4jaij 4 ^-jJL 1>c J 5>w j cii-Si .Uli 

tiii-JJb 0 J* 4 \-LJfei 131 L . Iaa> 4,l.^a all 4jaLaJl dJJj 

yA 4jaij— aJus^j '/ 4ia aj A^r jj .UUai' o!3 4jaij yA L^*il j Ujjp oLpUJI 4-L*!j> ^ y&J 

.oIpLJJ L^* (jUiil oIpLJI oipi ^5 0 ^Ssj pUaa!! 

Sw-X^si.1 jlS^J OJL>- .U*lp ^laj 4^_>r j ^4 (J? pPl 4jUaj 4^1 ^j-4 <up 4jaA) Jorjj *)j 
4iaij| AJij yA t4^f.^UJU 4 olpLJl ALa\ y U^Lc 4 ^ j^lif 5JUajL» Utj?~ p Sjai; — J U. — JL I j£~« — a 
Js»UJ“l Jp IJbl 0 ^ Uli UjLL?^ 4 ^-jJL 4«-*SsIl j!5" I3J 4 t jSCjj *4-X^r jil 

ajU^U 4-*Jj>tI--o jL^s- 4 -a*UIj U5^ y>- ^ipj Ul^4 43 ^ 4 !/*^^ _J> oUl~_!l ,^- 1 ^ 

0 

,*J jLiil V _j <U] J; tUlJi. ^ 

(1-20) AlLu 

aIj ■ ApLwJl^ ; < J-P A^jj Apl*^ AjI j "*' 

^lp UUj-i-4 ^ 4 j^)- 2 4pU ^4 pll 43 wL) 4pU-Jl a*3^ la iA<i^a l£ y-~-l^ J ^J» aas ^4 

olf.1 jaII c) 13U 4 ^pjaJi cJaijI 131 ^>i jSi. Uj fj 4 ( E 4pU^— il) 

?4jjj^I ^ jl C4ljLi') I l ^1' LaJj J!>Ip uii-i3j 4 ^upLJ! U U*-Ul 

(1“20) 

km 10 5 x 4.0 J i ^ p^iil -u-j .km/s 10 5 x3.00 4P ^o *UaA Ji j 4 jjj 3I ^]l ol jU\l Jix — j 



JaaJI 


(Jol <j\) ^yjl J fb*!AJ boyi; 1.3s M a^LJI ogl J ^\j — .Ja jSfl Vj-^ 3 Ajb fc 1.3 J 

cjd>JJ 1.3s Jl y>* £ apLJI ogl J ^lj .^JUUaJ jy>- o jLi*J J JaLJl <3Jb>* aj^ — i 

c # ( 

dJ J-P .C^5" d~>- b yr yA ^1 igl Jl ^«jl J*bJl J yi O (U^V <^l) ^yjl J 

. Lj jAj 2,6s jIJaj*. E apL*JI ^Jp apL*JI jyxi*^ c j ^aJI 


<y»jH JXu 


. Ajlb£ Jabfij (J APy^aJ.1 CjlpL«JJ C^lgl jA Jl ^Jp gl *P A l l 3 ^--jJl ^p y$\ j— j^j 

^y <y>w*l Ja yil .^y* J jb Jr c£ j^UaJl Jj^il Jp gl .i ^Jtfl l <J A»«^Jl a 5^ J-l yjj tAjLiw4 j£du j 

^\^y%^p dJU3 jl jw’j . j y^Jl (j L-^L*I bub J^Jiu aJI j JJa^ cyJ-^L y~ ^yjl jl 


t ^ *+jdf JJL*sIf l3 *> ■^« v p-gJ aJaP AjynJu ^ Jb Lpo .^y* J olill gyjaJl APj-» I £l 

,yjbJUi>l <Uv? J JlP bb**pl ^/AyU 


AjjjjUI A^LuJl 

J^dJl^ J^biil J-^rl JlP J* 3 ijj^r (J - ^ ^y b »u > - / ^yh oyg^ 4_y 1 ./2t A^ A..* bjjJ AjI ^y3 j 3 l 

jySi Jp b^yAp Jjjjl £^buiJl Ja^J °T^llj f AJI J-£ .((2“20) 

* * 

jjJUl oybc* CJ> . I g y- dl4l JlP bjy*lp ^AJwjLwjl J y*JJ Lil>-^^ cAJLtA**» ll 

<j^x*w cLj^oJ m/s 1 0 8 x 3.00 glyil (j g ^jaJl as* j** jl Lc. . m 3.00 AiL-~« \ *. $ :.> ^*aaj 3T ^ilj 

sT >» J! ^ i; ^ Lj| ef*y K ns 10 -°) j— iU 10 *° $ s io 8 x i.oo ^yjt-ii ^uj^ji 

^ JiiJ ns 20.0 Jl 131 ^UjJl ,^-LJ^I Jl ^Ujl_JI ^ yc^J ns 10.0 J >i~-^ j 

,ajU oT Jl Jl { jX~^l jJ 


.AJLAvjl ^JaAli 4>yj| Aj*-li£ ciJUl ^y^jJl /y» jy£-> j^aj\y ( yt^ail AjJL L^Jb* ol.A ; ) UjjJ j^U^j 
j»_^Ij ^Ijl>ijl^Ij ^y^jl Jjly !aa^j J5" j5 o->U y J a.« *,h > jj^u ^jJLII jl ^Jp ysa ol bj^ - bc.j 

AJP - bwn b^l . L*»£JUj ^j^Jl (3^1 -aII {^^3 ^®^jl Jl 3 Oj^byaJl 0>b^aA<Jl A^il y ^Ja^*o Q . ^ JwjjcJl ^Jb jl^^l 

AjajJj b I ob b^l ^yjb^iJjl ^Jp ys>\ ^Jl^j tg j <p II A & j** bi j Ai ^ 7 w,T ^ A .,.^L>- 

.^y^jJl dljl^ A^j Jp A^r-yj *)} . b^Ji^* A^il Jl aJ*»P {£ j^ jjl A^ll Jl 


AfirLuJl j\ jAlull 

A-J J ^JbfJl Li Juft j LP^i bJlj . \:ai'h)\y <aju~S\ c*>\£* j£- Lxiil bJl ^Jp yiil 

y>i-j ol5*” y$3| JJLUj Liijl ^ Cg yjaJl AP ^y* lj>J" Igjflr LiJb ( jy>- Lp ^- 1 Ljl ^y> yil .gyLa ll 

< j~-a 3 bJl ^y> yal C j^l J^~ l{£ jAa b^5*" ^bft Jl y* aJ] ycj ^j£- I3LL A^jJb JL-J Ji .t\»p ail ^ 

A-uujJb AP ^uJl 






l _y\-ut^/ jjx J 

■ AJnft b u\\ LftjL (wJIIjaII at JJxa La 1 i& .Ajjj^l Aj&Lu*J «.LiJafi <lliui l{2~20) (J&trftli 

t^T tjyJJl £• i ui « J it jjL> . aJIj iyL-Jl jyjJ jjJLJt ^ 0*$ 

^JL^LmJI ^ ^“LP i^U* 4-^vJt) <J^Ji N (3_^Li3l c)t . Ojfciv^t £.1 >,h A It A«*A^ A*aU ^J l Jjj < •* J 

a-^jJj j^i <iJJi 0 iij .ns 20.0 jt>-t l%— -i j — 1 v* — ^ — >*£ 

tiiiwij CctJLSJkS^ oT Jjjjl (jy iiL»it jJuj ^ . jyCT <jf ^ LiS/ ^ A AP Ij\ 

.Z^Ju~i\ ii ji- ( JJ A3 ^JJl A^—ii J jlaJl ii>- J\ CJ yti^i 

ijliL 99 ijL^jJt tAjiiL 70 ^ t£ yLaJt ap ^ y* a5LLL 60 4jl*a*-J 1 ip £L j Up lit 
^ 2 j iit y» ijaij y« ji y* J^! y* L#UL* UjU ns 20.0 yL*--* if- yi^>\ i y — + 

.iiyi«Jl J>b 

j+ia*\ UJU $. y + ail { s’" i J ^ <j .yjU J Li J A-^j Jj JU iia aJI oUa ^ Lpo 

^.Uy^a^ail <J2 yu jUw* y^JT, -_ tjL— J d*j( Ja>- yt-J^ a)^ . A^jC iil—^ 

.^J-^jaJl tJu& (j Li^-V UJ-J3 ^bti*w .^^-T .A-p? ^ .>i“-<<lil JaiUl j ^p i Oj c)f 

L-*ji jii ^Ssj Ul tUciiJl <J Lio _^Ja>- Lil ^1 p £j>- l)i jSh Jjs« — ** 

. i t <*8 ll i J ji A.* ..Jlj Uj 1 ■* i i* 

2s j* yk ApLuilt 

* * 

tjjJJl <l)t ,£ ip \ty>r ^JlJ AP j— j JUP J^lJlll ^ Ai.i.^il ij Jj— » 

i .a.i] olpjJU Uij^ l^fl c. 1 J^li Ji f.U^i^ i-S^ c)Sf ^ >■ j Lij 

.^ ( ja-jUi 11 Jui\jj pUiajaJl O^^Xj J^JJ^ ^*-^1) .Ul i**«-Jlj 

(JUali^Lj Jj 4ia-il*w« -U ^ii>- ^ Jlili^U Jjjjl i* y>~ J*l ~ J .dl y L* (3 — 20) y 


^ f, j >, rt H AP^wuj A tf 1 o « i t 


UJJi Jt .Li i— JL m/s 1 0 8 x 3 .00 i* 



h JaA \ :d ll 


Oi AaJ^I ^Js- c^v^J j |i lil A^aZ^j* J? jJoP j JilJ UtS" J LJb j $ jal f- j-s^3l 4* ii jt 

^^4 f, ^ a /2 ll ^ Ixa>< j y fc ~ oj-^" as* j+*+j t ,“ ^ ixi 3*00 ^jA ji-* i AibaX 

^ b-\_LP A**uJj ci-J .^lV>U aIjLa 43Lmw« 4JLyi<.*Jl cL-JLdii^ Cc,-«^LlLI d~S^Ji oi jXl jj JJi 

A^y>- ji c^X’j'b/l ij* 5-ljLJ| Ji ^JJl tUi jJu^ tjJJiJ a>*^z£ .®T ^ii ^ ^L^X-I J,i ^UjJl 

j ai^LJI ( Jaiil ns 20.0 ja ji^\ l^j oi Ji jjiil 

ii^pxX> ( j^sJ j . aijIj 3JbI jA a)ojC 3 J L*S^ tl$JL>-b LL?Lij aJ LS""j ,j-*^Jl j-4^ cajlj L »J| ^Jji: — j 

ap j** 4^>l ,jS*\ jlS" LJ5" cajlav*JI aSj*a c^objl L»-LS^ . a****!? aPj-^o 4jljl^J 1 ^J^-b ^-*jJl 

* * * , . 

. 0 j\S”* ^IjJil AjU Jl>r ^j Ij ^J tflj 3-XJ* jl tC^jiJl AS’ j*a ^jA AS.*{j**« ll 

<jLol>Nl aJ jjaJl 4juiS/i ^lp bail iJP Jij (3 — 20) ^^-jJi wi-Ji j j-s<aj jJ-^P.. 

. y ^-**-* j* J^i o -4 <-£ y b> yij ji ^ 

JXaoU 4 xlu3 

^wL»X) ^ Ju*j aajL-JI Aj jj4 j f-U^axll a^ ap — vbLj 5 — 5 *Js J>- j — j 

a)a^\ J i A^a^Aa AiJj S 1 cU AA jIj a 5" Alki^J) j5 gy*^3-AjJ iXl (^jJi (3^^ ji iJ__P / s ^jp a^-J 

» J 4^- j*- ^jA 4 1*£*~} \ AS- 14 C5^ jA J 5 L*U^P 4 LUil 4^1 .w l l 

Jbil 


‘ship 


: (1 ~u 2 ) m 


$4jLI*~J! 4» ; al l jA (k \^~a ^ _Uk_Jl 0[ 

k= 1/[(1 — m 2 ) 1/2 ] 

-( i-« 2 r 1/2 

<f «> 

.^*Ui flij^i ^ ^JP 3^ y> J Ls^Lj Ui^ A^J <.£y*#]\ dJU*> J 1 ^JL*Ji JUj* 

al^l 

Xji -X^i CW-X^i (, Afc n*\u XiW^i 



Ajjjjjl ApLuu 6 j^-> -*ji c-i-JaaJl A_i£^q ^\lnn LoAic. ^^jlaJil t_iai^aii oi jj La i^A :(3 — 20^ Jiyili 
.pjjJa]l Xc.^)*ii (ja i^X?" ^4^ Apjjuu 



JA J\j tftUult J tOUjr-i-t J 1^.1 yty idJlill xUl 


t^5 .m/s 10 8 xl.50 ap^_ j yjs ixi-Jl oJlS^ lil jjujJi ol>w> <_jx» t£ J ^ 

J v-i' ji '■Jo jSl' (_yU s 1 .00 y I i' .u — 0.500 iaJU~I oJL * 

tship = (1.00 - 0.500 2 ) 172 
= (1.00 - 0.250) 1/2 
= 0.750 1/2 


- 0.866 s 

.J*ji\ J* v'y *JaJL; y Ui x* s 1.00 jjJ. XxJl JU- s 0.866 y aJI jX — - c?! 

A-S" Jl yjl j X .LuyJ 1.15 J 1.00/0.866 J*j^ iXjJl jl jJJi 

V>s" J 

s = 4SJU-I oi> j .m/s 10 8 x2.97 aJ" J l OjL- lil ujXw U Jaii xLxlJ <_s j Ixo 

: dUi <_s y- J s-»' yS" j '.Jo JL*- s 1 .00 y 'il .0.990 

/ship = (1-00 -0.990 2 ) 1/2 

- (1.00 - 0.98) 1/2 
= 0 . 0200 172 

= 0.141 s 

t) k jxJI J^U- ^Jl* .Jpji\ Jj s 1.00 I JU s 0.141 y j-x — .* 

99 AP^w aT yjj xTJI JLp Oly ^ UJ yjl V yS" >' 7.09 J 1.00/0.141 2 JU-I .jl* 

•<>j^' J* u yyj' jr* o' o' 

(S' 

Jl ii| Aj J aJJ Uij tf jA y Jl 3 yL-Jl J,] L^Ui <*<S J J — 

$ y*j ^ >-A3 . Jj C 4*J if Ai lo Ahl 4»J 15" A£* g. 1 1 4 JL jLw* 

< Ja>- ..i'>Lil Jbu 5000 5 jL«J| (3 3i->l JL^rj c ^^J^l An^a> jJL j 1 * >- 

g.1 y <1)15^ j caJU^p jJu j L*Jbc ^ o Ajl=b 3 JU^-^ 


(2-20) U— 

?o yUail; j! jUaiilj fljL*Jl; 0j*»,<?q\\ jJl 3 ^ lil L 

.(o^!Ui~l 3 o \^ko >~ V I g.Lti^lj^ 4 jl*Ijjl* oU-LJl ^l3 i a-j^ 

( 2 - 20 ) 

<» (S' 

.Aja>- ,, >li ^ ji*- 3 yiil .Lj ^]aj (.^j ^ Jbrj j 

‘fi ‘fi 0 # 

3 ♦ C- ^« /3 3 1 4P^j- w*< ^.4 lg.^^r ^JLj APj^*o Ijl* 

^asLiaI (S 1 j^a,^ ll ^Jlj Aj ji 0>lpL»x ji lil A.*. » .«»j -J l l Jl 



ij-— Ji hj kJl : J«Aall 


(3-20) 4iyi4 

Sk = 2.00 i-u J»U i>j*5Ul Xf-jJh ^ U 

(3-20) J* 

;5i ^lail «Jl 4 tS ^Jaj£ i jla^- iU il>sl .a3 U JOj i-LwJl A*-«s 

*= ( i- w 2 r l/2 
2.00 = (1 - u 2 r m 
0.500 - <1 - u 2 ) m 
0.250 - 1 - u 2 
- 0.750 - - tt 2 
w 2 = 0.750 

« = (0.750) 1/2 = 0.866 

.m/s 10 8 x 2.60 jl Cr 1 86.6 ap j — !l c$i 


A .,^1 £ A ~~ Jy^ I J AjL iS^ A—il^Jl ^ .w j l / C ' A ^ ■■ * ..' i OaLP^*~J 1 A^ fr 1 ^ ^ ^ ^ ^ 1 

4-Jl jil ^laJaj ^ i 51 j btJLP Ja-a3 ^fL^aalf Ou>JL£ t^«jJl <j U5^ .1$^ at4l (j 

.S-j^aJl 4P ^ £-bj 4P 

JjLll : jlai 

* 

.£^jb~Jj \ Iu^jLa** C~*b b* b«A«lg i4££- ^jiJl ( jjajyj <J^ tf-bja* ^JLyL- <j b bl 

t£.L*a3 bS^ bj c <j'* 5 J^ cii 4?*~Jb £j-*ajl *p j~* {j* AjOlL 99.9 cJSjJaj jl b^So? 

4^jl aJx&J [^.Ly fl 6 )ij^ t^jjl J ^ il'Jj . b) Aa<maJJ\j fl j£u , ■■ ~.* Ljb A a aAaaaJI 0^^7 . -*a 

.j^oabi t^ySjS/1 ^JUaA* 3jfluaj f-U^ai 4 ^<L » J \sis\ jA $.bjl . \ ~~j aJL^J 3JL>-j <j ^jj ^L**lb 

^jJl ji»bj (,>X» jA J jiaJl ^yalij 01 .Lfc ^Ja5 yti . L^IP j~* ®ibjj li 

. 4^m>«J\j 4j L* taXJkP' U ji? aS ^ ^^«-fcLl 4-»S** ^ »JJ Ja Jl la . l l T j »0 

(Jblb .?. j^aJl ^ ^r - £0**^ ^^i-wJl AS'j^u 

L = (1 - w 2 ) 1/2 

^iS^" ^aJLaiJl <J^w\3r ,<uil^ 4^b»l 0>\-P ^-0 4**^vllb jybil 1 (4~ 20) 71 + 0 jj 

* * a <* j Vw " 

4il .^^ib~l! b *.+&!* cLg-L>-b (3j j b j^Ui> bjbj^d L* jJLj tiJJi .*£ 1 dt#^l (3 

. 4valilil 0 JL 1 J J-/5 Ja^i J^>-lj Jjuj yiio 4 JL-JI j 3 ^il bl jli 4 JLj ^ jj 

.f.^0aJl A^jil <P^- c-'l J » b t ybJl *sJ\ J> i£ j£ iS^ J ^ 






%100^ JjUl 



o 

-D 


f. A&_^ui <■ 

%87 = J_>U 


^0“ : . 

%80 | aAjJ AP^)*»J 

%60 - J>klt 


4 \ Hl j\ I 

%95 

%31 - J>ii 




I iA^, jj AijiLJ 

%99.9 ^ ap^ 

%4.5 - JjU 

^ ^ jjuuij £ jjojI (J£Ai ap^uj :(4”2D) J&wJl 

JJZ-* Jjl> Je. 


(lit jjJsuj CiUat j24l 

3 0 

^Jl q** 1 4i» m.4^1 ^p j l li^U j-aJl ^p ^1p a~& 1 <«« i* oi . 5-j ^p dj^Ui> L^J 

(3 £»JUJ ^jL£ V 4juij LUUli* jl 0 *>Ijl > yk jf A>«1? . _ 4 yl Uf ^J-A 

<jLj ^L-ii ^^P SjLp d>L) y jjiil 31 ^ 4 Al^_i Jj>- 1 pJbtJ ^ ^llJ\j j 40 lOjt 0>-l ^1 

?d^ y>r yA 1^1 <J jA» lM J J jA+0 t ^ ftSfr-S- O^ lil O^J ^lj*-> S/ 1 

o( V ap L^ip Ujup ^t^Npr 1 ^ lL»J^i U»p s-LJUJl ^ l »j 

(_^1 Ail jL^p-Ij .f. jOaJi Ip j->* ^ jJL L« a^L« 410 ^-C jj lit* <J jJL> <1 Mj ^Jt-i 

J ^ ...X-j d ^^5 oti (^Liljj 4e- jOaJl AP ^*>1 ^ jJb (s\j*aA A \.j t M J*— ?r 

Aj^lil cl^l ft . ...4^lj tCjLi jJjjill 4 jjLa>» 0 } (jLs 1 j£ r -* j_i^t Aj ji. _y? « 

Vj iLS^Lurf O j-aJl £y^'‘ ‘ “ ’ ^ * d _/^ M g * 3 J ;-<"■; LOl ./?lyg jJtS^ 

ol ^ « jo j ux w > ^ y s ll ap^mj < i - ^ iy * j * 

."l^ jL: N olijl^ij 





(4-20) 4±— 

C-xiOJl Ijl 4j jXs-* (^jjl J _jk!l y» U .d *JU- m 19.5 s-Uai S~i-* J_jia d\ J> _p\ 

?m/s 10 8 x 2.40 apj—j 


(4-20) Ja. 

:u i (►— 'J t-_j4aJl _r* (_r* f jar (Ji ^ j*~ll J_>a- 

« = (2.40 x 10 8 )/(3.00 x 10 8 ) 

= 0.800 

.0 4jb- ^5 (>L ^ Ua flil Aa^s<9 ^»X>«J w »i1 ^ 

I = (l -w 2 ) 1/2 
- (1 - 0.800 2 ) 1/2 
- (1 - 0.640) 1/2 
= 0.360 1/2 
= 0.600 

J _jk!t ykj m 1 1.7 J*- Jvaa-J 0.600 jJjJIj m 19.5 i_< js\ J j^\ 

.m/s 10 8 x 2.40 ** j~j. jikJ Ujlp <o 


AlSSJ) d^wu 

<» 

.^jJl ji»Lj <WaiLj Ij jL^« JLjIjj <^X* O^o 


AiiHt : jlaj 44^ j 


jj )a««* 4<P ^ ^/axj Cg-Uiai 4-S^ ^J^b ^ yb* bl 

Aiji-wJl aIiS*" 4-JUoil ob aJ^aJ .APjL*si« j*p Li^L» jl LiQ? L S 

ibLjj l$i>*b oljJDl 

W ^ d j.c'J ^a btoXiP l^bS^J i /i S '* aS^ aIiS*" /t? ® 

bj . £ j«/all j *. y Ai*A-w*Ji 4P j** 


m= 1/(1 -u 2 ) I/2 

= (i - w 2 r 1/2 

.1 j\S3 L*jlj <jl .OjyjlA oXi JLl* oUi ^ (^JUt 4.«uii & ^J^ljdl 4j| 





lit oVI . ,l c /^ ,, lib JSb bbJl il U jlp .(4-20) jSbJl Jl ol l 

. A;bbl 4jbS^ bipbaj aJL^JIj yL^S/l jjy ^jil * A*b«-j3 ^J5*i d-^xw^I 

js-J bJLP . jL» 10 e^jbJ (oLiil aJL>- <j aJL^JI) 1 :T:.bl aJ aL SJl jf ~»1 

lf^ J— bJjip -J^4! ^ _/> 11 ,J^ Ji L^bs" 3by it jjaji AP ^ Juii jbJ AP j 

AP ^ j j> AjUlLj 95 ^-vOj b-AlP . Lj jAj e_£ jIa ^j\a 17 t^lbS^ yr.yaT cp j^jaJl $P ^ iilib 80 

s / 

Cpj-Jail APj^/ ^ Ajtib 99.9 bi—Ji 4P ^ . y a l b_LPj . b jIa bU 32 <J,I j^- AL.i. « J l bj — j cp jb* it 

cp yjaJl 5 p ^jA Ai-jLwJi ap *^» i ju\j . Ajli^lSl Ijl^aj .Lp jIa Lk 220 {j* j *^t AjybJl aJLiS^ - 

.Atli 0 J-> ^5*1 J 3by 

9 

Uj(J S 4 £j<Uilt 

AP ^L" 4P -J,! Aju j~*j bl A-Jli *)} ^ ^.or AkS^ l)1j yiVI {_£j *!»! A 

. Ajli L) AAfbJl AA-vaJl ,j /72 bJ 3b jJ c(AjIUj 100 jl) 1 ^ U c_->l J*\j c4jI$-J| (J .p y& Si 

v^J-L>xJ3 l)1 <_£ j>-\ aJL^> lil <b AjLi ( j> Av^Lp jt biUb l ^JtlL? <^jl JJ\ JLP Li-»J3r b J j^>- ^>*1 dlL A 

. L^pjJL i AjL^JI - ^*p bp 

^1 Jl>-^j V j-bli 2p j*~> jp^j f ^ * A‘.< ~L>-t ji ^ j . O aJI>- 0 jjiJl J* >- 1 j j 

fl^lj j ^. ..-1 CP J^jaji AP ^ Ji ^jbjj ^JLJL?- I*— ^!* (^f AilUJl ^ P A- 

Aju-^b ^jl>i_* jp L«^ caJL^JI o^\j j jJ^Ip J cL^of viXli 615" jJ ^1S AJbSOl 

jj} A3 jKA jS' AwJbp jA+S> j_jSp A^^jaJi^ ljL*> J * jA* /> (* »*** Alii bJLp »U P i AAi 1.^, il 

.obl jJl 

AljjbJl £jljJl ^^jba-ll |» — .^1 biS*' caIiS* Aju j— J l f-bajlJ! A)L.i.*> l^->i . y?t b l fT * 

Jb ji.1 La^U^pS vlXSS . aJjLa l^ilS* * CP j-jaJi AP j-> pbajiJl Alb^v AP j*a l^> jllj b-UP . j3l 

4j^S* ^Pt-J ^JlP ^bl^lil c-»Lb-l 0 0 -^JbJl C_— il <_■< y»l AP j— Jl ( j * 

,p j-Mail 4P j — «j pbai a;.4.*> ^o: ^Jot^T AiljaJl ^ jJ-P 

4 ^ JA-JI AaJl^ btl 41 j I f|") 1 i 


^1 


] Jh 


ll V bJLp aLS" Jl jyiJ c jjy^OyU 4J jSLJf Jjl* 

AlbS* ^j5*l AkS" bUlT 4ili ebb AP^J AlJl jA (J jir i^JJl D J ^I^JN I JMUii iP .A-Jl jbd b^JU 
0} .3jjJUill pbjbil a>Jl>t :.- il ^yflll (J aJ jib b jS^\ \£ j>- a51Ljj 0 ji ^bik j aJ j^lbl 

ii ^ biP . > aJU*JI <_ r >jb^di lt 3yj ^15*1 ^A c^Uaii' a jblU yb- caLaA- 1 pi A 

Abt ^yajbdP <jb*J aJLiS* C^b »^?r (jLj lili cAjib* P jb" ip^-, j oujyjv' 

pJLa b> ^Jl ap j *JI aJLp oli bry .bii jil pj^UoJi I *\p a* il j X 

. b/ lI/LlmO!- IAjL ^iaJl 





oUlJrlj c^j-b^lj cOUjjjjJl ( Jl5" Jp 4 .~~J i oljjjtlJl y j XJ c ~ + i 

* 

^P-Xj jL^»r ij Vj j J^ibb ob*^—Jrl dJlA ( j3> yj JUP .(^ j>-Sfl 4 -jJ ^ A jj jJi 

y L*—Up . 4 j « «,—.i.ll ojljjjlijl t , tgbbS" ^bjj *1, ** a^^*5" 4P^— o .ii LALi toi«u**t^/ ^p _y ttk * 

Jp 45UaJl <3^Ja»l CtiJlb U^jJb- JUP .<— *Jlil OjIjJJI <_£ y ^ ja>»3 ca^lil oljJb C^L^-Jrl 

^^ip (iJLij5*"j cblp 4jui1 j CX 4jcilj c(UV) 4-?!*— AJ <J ji 4*-i1j C^J y t(IR) ^ ,/*“ 

,4-jjJrl Ojb *— — ^*1 Cr* 

^ <-j y olpj — j li y>o y^» <j g-l^aiJl 3 aL ^3 oUL-i b» o3j <j $.13 — ail ^Ijj yl — -* 131 
131 dlta j <li5" ^£5" I ^ •*! I jJlj l<*, o . bb*p b* j^_a^ 4-*-oil aJL^JI a^bj 4P ^ — ** 

^w2l v- tpji. 4---jJb 4.»..b <U-A~Jl J>-b ^L-iSn j$3»«* ^3 4jaJ y* 4-31 ^ <iiaj bfcb3lj 

I Ji?r- ^jjil (j-* . ljSi>- aJL*w* JS\-£o-j 4JLJL3I (j <33" ^i5"l 4^-jl>- <31 y <Uij y l*L3ij 131 
.* j-jail 4P ^ 4jlib 99.9 4P o ii yxH c.bja3 4;.a— o kg~l Ojj c-J-U* ^UaJjl -Up b* jLt — j 

tdJLJ-U ^Uo^b .w = 0.999 0 l*-up kg 22 0j~- kg-1 <ijj L^bil j*J-I 0JJ3 cj^Jj 

* * * tt m 

{_£»X)l 4_— jjj ^Jl A^IL* C U w O AS* jm*j A**} ^Ll <*-UlC. 4^*jL--JI ^ ^S"”' . m 

. AjlJaJl <Jlp oU--w-Jrl olp j-— * <j OJj4 

^ C— ail y J 1 14 JejS* ^ J aJL^Jl a^b j j j^^il ^JLC ^Li ^ 

. jL>JLi ^JL>- i yZ y j£\ ^ oljotiil oJlA l)U jJLiJJ .UjL- L^JP £ yV 5 ^il 

LiLw>*jl Cd C^* 4J-iJl 4jJjli 4 jj 3 <pL-w c ^ »* jil ^-UojJl jI 

C^JJl jlS^ll j ^ ^>-f 4j j3 <pL- UU-ijf .4PlwJb ol ^ ^LSOl ob ( *y2J CJtL iPj-w^J ftjd 4j J *. 

* * , , 

4P ^ iaii LLii? bjj*f (J jL-J cJlS" ayliaJl 4P^ jl y ^ J\ Jp .43 oia-J^j dyliail O C~*J3I 

* * * * * 

. 4 ^Ui 4315" 4 ^-jJj l^y*5" 015" 4jl clJL>- I 015" 0 JbJl ^•jil ^.A»d1 01 y ^-p J\ tp j-3il 

-Uj) 4i>- ^il f. J j J3 l^iixlj^* C-X ^Jl olpLJl 4j jI3* o-J^ cdjjP-S/i <la^l J,l a yliaJl 0^1 P b-U p 

*>Lii /.i b3y a yljail 3 f ^Jl ipLJl cJUw- .(^iaJb (,yj>J\ 3 «t U-^ji 3 j 

. < j3jSfl ^jJp 4^L- o—aj ^Jl 4 pLJI 0-3 jJ 

bbopl ii ^>oil 41:5" Ju-LU ^v^-C .ojU-^-JtI oIp j— ^ ^o>o-J t4JL^Jl <J a^bjjl ^-L a! 

Jw 435 b ^il obl~J0 e\ y?\ JUP ,4iUl}b L^JLC ^Jl 4-5" ^1 4313 ^jp j 43 jyiil 4J j^Ljl 4lL5" ^ ip 

.L«jb 4?x— ^x— ^ i 4 01 


4 


(5-20) ilL.4 

*» * . 

'3 4-jb3i 4-5 " y cJ>*>bo (mg 300) ^1 ^P 300 Ojj Ijbw? b — i -i> 01 — 31 

?^jJllil 4 j ybliail aJb^jl ^ b* .f. j-3il 4Pj^- ^ 4jlib 99.9 4 Pj-H 





(5-20) J*. 

ai^Jl ^j^>\ f .u = 0.999 ot jjie t iuJi <k&i <3 4 jL>L*J 1 iiwaJl .-t 

US ' m J > U]L 

/m = (1 - 0.999 2 )” 172 
= (1 -0.998) 1 ' 2 
- 0 . 002' 1/2 
- 1 /( 0 . 002) 1/2 

- 1/0.0447 

- 22.4 

.g 6.72 jf mg 22.4 x 300 2uT >b ^ U-lp <Jiil ibT £JU 

J cSj >- S/l jtJl ^ U dJ ^ jXU 4 ^ j < O^SvJl (3 ^ U^ULS ^ 

1 jS ** j * { jl^if < 1)1 .^ jL-J d > JL £ ^ lilt ijUd ** L >*-> w > < 1 )_^j ./* <^t Of * < 2J ^ 

iU 4 mm»i11j JJUJu <jf c i - III IS t 4P ^ » n l l jf 1 *a«3 .AmmJ jl^slt ^ A <1)^^^*. ll j 

.^1 ^iil (j f-Uai A ; .^Jb jf » dll jf J>}^ 


! i 4 £jLuuil 

.IPjL-iil jU- ^1 ^tS/l? Ajjli* <PjL-ii 1 i-jor ^lt ^tS /1 J j->- Usl> Ud jjlid — j! Ja 

iildj (3^U^I id>U*_4 o j>^>- 5 _^1 Sr ^ ^ ilb- jLip^IIj U JL>=-t IS] L y*lt <j yiJl bU < 1 )j__Ss,j 

.(iiLLi, jU-) 

£j»jJl iib- ^ A->"tAilj <L>jbl jJl <JL>l-i*ll fj tolUi^ IaJUI J i J di it L y»j III 

ol4Nl jt dir ip J idtl£> Ju JL^j iU^l ilJl dJJ *U-dl> JL*- _^J ^ ULl^-^1 

^jUlJI oSf dliS ^.t «--l j -N ipjUw* Ai*i**Jl cJlS** <1)1 jL^^l dh^-C .Aj4Ij i3 <^JUi 

• id** ^il ^L^?pS /1 i J* 6j* JSLioj ( 3 -Jaj 

J>-b ^L-^i-S/l ol^^U Ipj^M JJ id** ^il u->L-jS** 1 j olS' ^ < 3 *>lt] -Up 

<4. ; d.-ll ItLu d-j^ i;.i-Jl ^tjjl cL-iitt IS] .eJiUJi od o jij (dJU — <■*- I 4-1 1 £) ll 

iuUJl H—iU- jjUail Ujld* ^1 C.. tfltl IS] -^U^lJ 45 »wJ d jiJ il.i.Jl <3 < JS** ^dal^ 

J5" L y ^ jjili j ^jUuil (Jl^dt ^jA lASld ^-I*j IiA^J d^IP jjJt j 0 L^-a15t 1 ll d..^: 

.( 5 — 20 ) <3 ^ «/3 • j i-^jjl>r 0 4UA**Jl 



AmmmuJI <U jla ;1 \ iOjjJLa)' 



^jUj JlajJ 


^Luia^Vi ^^Jc- <flja* SjS IaJjC- .la . jj V frU^all ^ £ jLujjj V La^ic. :{5~20) 

.l^JLab ^lma*Vl ^Jc. AftiKa »j9 Lajlj ^ jj i4y5l^}Jl jLuUJ Lo^jC- . 1$ laJj 



Oob_ji UiT C^LaaJI 4J.yL.v <] ^ (^jJl AP^*Jl (3 ji*J' «sbj' £^jL*dl .ibji 1 J£* 

^ jL-j jP ^JL^JI j) A^ fcJ l JLlS”* 4 ^— 1 b~* bl .Lgl^-b ^ ^J^"' ^jg^’ 4 fl < )*? li 0 — dl l 

1 L*j& j-s^ |-^L>- ^gA (cl / F o^iii OLi 4^fcjLi)L> fcliJlj ^ilL^ 4-yfcJl 

F = ma 


.^jLJI ^J^sAaji ^jA La ^ JsJ O' ^Ijjyiii (3 d 7^** wL>-l 

* 

f C&*~3 jbl ^)l OlS^j cSUaji^ fc . yL . J i Jiii y oJliT y) oJLa ^ jL~jd! a jj OjU — £ 

.5 yi il i ^1? L$Ja-J y> aaj ^ c£' N .^i?Li>-l 3 fc^^Lii oiJL*ll £_ — O’ j 

^|j 4 Ifl OJb ^y*J , ^i ^ j^mSj 4JyL wJ 1 1 J *Aj*X^- O^y ^3 fc^^JL i 4 4 JL> JJl 0 A. 4 

jJs»i c ov^ 4 (3*-^. OjJjiJ 4 fcyfcJi ^jL^j L*jup .LOsJ fiL^-V! OjJ^-j ^ jL-Ji aL jl? oL. >* 

.0 j^sJi 3 4JLIJ2-* fcor y* 


jflliu]) I.U4 

. c , •& ^ ^Ja«*x ^gip dJsj>“ w\j C^^J^v—Ji J. y a J l 3 Ul ^’y* 4 fcj L^xJl \jLULyL<x c)i 

.fLV^/i 0 L 4 L fc-fcJi jii " j L^l>-ii ^L^-S/i fciiJri d ji JJ : J fcfcJi Jji j ,ia ; 4> Ji 

iXj .ll^fcj 4.LyL. J i ^ jL^> otTj L^i?-b ^fc*^?rS?i Ay^iJ^i *-fcl*J 1 L - AJLyLv J i ^aJula^ ^ A ^1 a 
0 L 4 L LaI j£: jJu fcyfcJi jls^j L^i>-!^ ^L^*r S/i fciLjl d ji JLiJ y>-~\ aL4ij 4-^Jful * fcyfcJl J y— SJ 
.U^J5^ 3 jtX 3 db^Vi 3 ^ AP ^yJi 3 (j- 4 u-Jty Oi 0^^ *l£ ;, ^ 3: ' 



jaJ\j t&Uaill J j ^ yty nUtiJt 


^Jai»»o oulT *-0»j aJU j ^OLll oIJlpUJlIj jbl collate* o-JL til 

j j*.^:**} V ^jf' jl A*oLJrl i j& a^U o jijl 0! aj yt* dJt$5"" a^S "* ^4 Jj 

. y+y*z\\ 

^jlp . A*j 0 yi 1 g «»fli ^A O^JL ^jPJU L* 0| .^fl^zii f~Ls* 9 ^sJ)S\ d-i-A ^jA ^ji 

J,) AJj-s^l A*-i-S/^ j oijU-U yy 4£^-i <j ^jJL-L jjy ^iiJl c-i 0J — IS 

. AaLuJI Aj Jjaj ~ S'Ua* O^iJ 


^Uaifl fUaJV! 

^ jLwhJj AJL*A»»ll^ 4 AJL*A»»»ll £Jj i y>& ,^Jj£^>*-4*Jl f l -/^ a jl (Jj f ^ - ^ * AJLjL%»> ^t U >J OJjI £ 

AijA-^Jl Jj ^ j?t-jA ^J-saaJI 1-La U>L- jl 6*^' L)1 — a! .^J— o >L a <J j__*x. 

jJjUl Ja^ydJ ^jL-Jl f.Jb <0...»i .A-iLJ* J^-y <*jj * U ^JjIaII jloJrl ^ Lp dl ^j—^* ^/u jj 

^cjjlj-^aJl < 3 *^^ wLlp o*bw< liL* .(( 6 - 20 ) — 51 ) A-iLi» — ll y — S ^ ja ^1 £~Ju — j ^ 

?ai^LJ 1 


OJiJi <L>S£. . <L~£ AJiLiJl i js' ^315" jjJDl a*aj i) y*o ^ 4 ^a*a^*I ^jjU-^JI J$ 

Lipo 4 ^^Jj jyL'LJ aJ 15 " o (oL>JJ j^p ^ 1 ) £^jL— j c £ 1 v- * ^ ****j ajS| 

C^“^* t 3 a 1 ^-JL»* C(J— ^ ^li«-t*JL> AaS^^LI ^ Lj I y LlAJ *X< / 3 , i 


5^4j^l AmAmJ! 4c«3t5^ ^ j*» L*pjl--yj iii . Aiyi L^J l ^3 ^aIJ-I jluJt-l wL*p — i)l 

4 «* 

A<j J^lajl 4»4j^-l 4 AJLjA»»li ^>-li ^jA aJUJD 0 ^ j . AJL»A«.*« H jS* LiLiji jLw^» yj£- Aj jJ ^lll 


IjL ^4 AjjjJUl A 4 jJ»l of Or 4 j* <S ji .(( 7 ” 20 ) L — *>w* > jl 

.((8-20) J^iJi f U?jU aoT > JLiJ 4 l 


a^u 



AjjjoSil A-aJpJI <_Jfllij 4 A lrt.all qa (J jj Lo£ 1 ^ 6 “ 20 ) JSaaU 


jLujJJ V LaJljc Aj£_)aJI J1C- ^jflTuMA Jaa. ^ j 



<LmJ| Aj ^ )q il l * 


JaJ .AiLiJij jjJJl <j\J jb~* ^,o3l Ub ^ ^Ij ^ jl^V 1 j fcUl ( j^a X 

(3 fl. i ^j\j Al^J? 4fl « 1.4 j - ^ ** O ^j b *«<>i* j\P jli^j biX^Li v * x L>P A*»?td^ 1 1 A* .,.,>* I 

Aa-a^-I J ^*ill jb-Jj l)j^j> .A^i^O* cAAja^-i ^3 t( 7 ~ 20 ) J j^cLlid .1 jjJUl 

J jiil o y&UaJl dJla o^U IapjL—i* a^T yi ^Jp-b ^ U5*" i^ilbj t^£>*JU jb-il y* J 

t fiL^zaJl fiL^I jil^lli iJL* <-****>} 4j AjSUJ ^3 £^jb*J j JX>- <3 c-U^aJI l)L 

s-£ t(8-20) JSLiJl j (7-20) j£iJl j UT >hJU JL+M *\J>1\ jfe ^ 

4Jli)\j jA\ jf O’bJL AJbJb ^ ^jUklli Ow-baJl oA>- jJi .AjUlU ^Uai j IS J>\ ^jL- — s jt 

i(g ii J^jij) ^ ^jL-kiJt ^jp LpAfi O^j j.UaaJI s \ jj j-aj .(m/s 2 ) ^ j — 4 

^JLp oilaM JX^ I^oj Lfr*~Xi o jXil ^JJi ^jL-Jl ^ (g 1) aJIX j] c~. — >* 

bl JUJU ao! 1^1 yjl jUa^Ij AJliiJl jb^*>J ^ Jalj£ ^f) .m/s 2 9.8 b» j-X ^jL-o Jilj — H 

Apjbo* ^Jaj AiiX.*' (8 20 ) (7 20 ) (3 y . (g oA>-^ U j 

* * 

J djyS"" Ubbi jji— jJUb t^jSfl 150 Ojj cJ' bj .Ajliill ^ cJ>*VT oJp L^PjL-J ^JL — j 

.^UaJl *L^I ja Jjji jJUi tftJuiJl 0 J 4 Ji^- j jf ap jL^> 4 -lX*- 

aJ j-^aJl 4 jcJ^S/ 1 /^iJ T AjLaS^ Aj y oibr J jX>- Li*3 Jj?T jJ ^J-A ^ j£ $ j£; kiJ b A 

.f.1^ J*J| i^J jiiiA JbT ^ jAj oi y>? JA lil .p_*3 


aujuh ji £jtuuii & ^un ^jii jxuA 

Ji Cf' jl -bJjJl ^jbJl ^p j^>s-LJl — i 

^jXuJ . 4 JI ^ll A jaX J AiSJio* 'V J toll f. y^S\ AP IO>\ii“| O^wJU O-J jjl O^J jjl ^5" J" . J 1*3 

* 

L*jb t^J-vs-Ji IJa J Ali«S/^ J ^*0ja y* L*5^ c^IvaJI ajuo« jS^ a^ib- — ll J j j. ,. , Jill 

,ix>r jil J Cy^~ A ^' Ail .I^-Jlj AP J\j 





Ajjjill OjaJl J fioju (AjXjuUI ^ajJs jj La£ l|7 - 20j ^ 

.Jbr JJ jca j ^jbjJJ La^jC- AjlS^Jt Jaj-« jba.AJ 



jaJ\j cOU-Jt-1 J ^Wl» 



M-ajaJl AP jL«la]) Aj£ j-all tAjjL*Jl £ jLk " jIUmV jUa] (j-a l^JOjU * Aic- l(8“20) JSjkfl 

.<LiLSJi j£jaJ AjjjJli <* j*J ^vlaJjJ V jUuaII (jP AjjjJSI 

(7-20) J JJ aJUU J J>t A-S-LiJl J[ jjJJl aJUi! Jjip J^\ ^UjJI jU-^ 01 

jL~« (j jJjcJtJl ^1 .(6-20) (j A>w? J.I ^JU-l (j jL^- J * 

.^•jJl JUrl :>bj* jJJi> ^Pjj jLJlI jli ct^JLSJJ Ails^^lj .pJtu-** J^Jb AlUii! ^ JaS 

jL^» (7 20) J»1 j L* J>l JiC. Cg- ty3 ft Ai*Av»< ^ 4^1 isAtl o-^b AjaA? 

.2L5»UiJlj 4^»Uajji 4jaaij L^i* jjJLil j^Uj AjaiJl ^ 4*S^ J.I <j *£ JL* ^aJl ^UjJl £*]al^o 

* 

(J j) ^.ilb k£^ Jz** ^4-aAa*J| A^+XjBj* dl^L J^Jto A^uii jjJJl jl^?r J 2^-^ ^ 

J jtf ^yS-JJ L>xJ> A^J-1 jL*^ ^JL) C^^jj ,<UP UoUil ^jA ^|jb ((9-20) J^-iJl) A-iUiJl £ jA 4Aj£-\ 

Hz apUJI ajjj-UI apLJI Juf .((9-20) j£-iJl Ji Jail) apjL*w» kJuJ\ j j$J ^ Ujlp ojL-w* ^ 

# <» 

L »5 ^ - la .fl l ^ ^P ^ jy* i«X^JfcJl ^lLJ ■ 1 fll^a * \jj\j j ^ ^vaJl AP^**/ ^JLp La^L«jlp^! 






. AjS"* ^i.1 ^£"-b yb*v«JL) A**d)b l »/3i\ ^jA AJmA***)! l)^ ^jb *~ (_£*A)^i>! ci^ ^ j ■ ■ j 

.a**~J! aS ' JA ja £y j £ 1 j£-io "L^j jpJUf" aJU-I ©Jia J A-obM j ^ jL-Jl OjSy 

o y j)) dJ -£^ ©JbJLS* ^jLw « y (J-JaJ ^Jal^J L>1 y> yiJj t<_£ y* © y \jjuX > oj — p ^jbc; — S 

^Jl tiUbS" -bjy cJt 2^ ^il J U?Lj jAj Jl j! Uj^p LUi JjJd-j tL?by ylai — )! 0 y (a* — oU 

4-iLJi>- oLpLJI jfcXdw- .db)i (10-20) jf (9-20) j) (7-20) ^-^yj c- UaaJ I pb^-V c^^Jj 

tvlJJjJ AiUb^li .AdLJl ./* <y L$J) b Jau bl jJJbj tbbj j£\ (£ j£ Li?j 

J^-i 2^jLJl J^b JS" yb^ 



i A^ibill j£y y jdali ^Iaj^I <, r ntfij ilijau jjjJj y jl ' ( 9 ~ 20 ) 

.JIp (J^haj AjuAjuJI £- jldjj UAiP Liiado £- l*_uJI jLjla (jjSu 

2jSI jaII ju&b 

© jjfc ^) .4-s^lji-l AwdJl oLvajLj yuu ^ t4j*bdl (j AIj J&j jjb b»JLP 

y 2-oLaJi aJ yaJl 2juiS/l aJI y y> L>- ^JSdLj c~i . (Joii ^JISsj yd* cJlS^ aLl* uSl oU aIuJI 

* * i 

by jy*-i — ^y*-*-*iJ! A^bbbl ^A>- Aj^^) ^jA o yJb ©ill! A*©! ©*Lj«J 1 ^ ^ydJl 

^ yUaJl ^s> jjl IJLa \ a-J 4jciS/^ y c-j yib 

.((10-20) j£^) d yJb (J ^ii\ U-Jl J JL*Ji y*JJ 

y-l lp^b«* aa>a>- b*^ cAj51 ^ii Ai^Juil I," 

f.bjl ^jA A^ibaJl ASAbb-l A^b^l b ^*b f. ^ *'/2 ^ ^ if ^ ^3 

^.bk^Jl 3 j^-aU c£jly^ jbiJi jj^sj 4clUbJ iiL^Vb .yi)l Ab— ly y? y ( j y M <k-J^ 

* * * 

^jA ^jA i^j ylb jli! dJ-*Jl ^ y?uJ! (. Aj Jj ^lllbj cL> yj b»Lc ^bii b^L*. * 

yr«jJJ yUaJi ^-Ij, — >! caj yd)! gJla .Li- J (y y- L»jlp .^l^sJl c-3 y^Jl j.Lj! yylj * cM 

.^IlJLjS/ 2-«bJl Ayd Jl O- Jb Awjij <J**-b.b jytxil IJlAi i ys- y £j! jj! 



c Cj\ +mmir\j :£JUll <-AJl 


! J^L^aj V (J£*jiJ 




jjJ 









c. j-0* Jl £-Jl .d $ j+*>\ t h y» k_j yijb djjj£. Oy*-* 4--0 y^ j^L<ajl c jOaJl <Lj 1 y* UjJb- ^ 

JJ*P O-Lp 0-Lb ^C- Ij 1 . ^JLjall ^|jlAl (J y>- 4y>«JL/* d-lp LOl 4 j8j 3 ^J^fclil A+Z* y« y_Jl 

3 ^y^S/1 £* ‘-r J j-b jl SjLil 3^'**' y* jj-*aJl g-La C-Jl5"j tpJsdl <U*i — J 

£*J &** 01 c-I^Sw^Ij t((ll — 20) 3^““tJl) ^*-a i b (_£yi ^job* 3“*b s-L^aII cb ^-1 4^0 . — j ^ 

(J oibr -ijy* Of* ^ yyb^i (Jv 4 jL~> y^l 0 ^5j ,^\ju^\ ^JLj y* \-b ibu^l ^ — j^j £_ — **ajl 
ybJl (3^ y^> ^ bl) jajti ij-w-jjL ^y wL . w .^IxjS/1 ^pLj c-U^aJI (j ^i>«j> Lob ^LoS/1 ^j*>L *LQia)I 

tcJ*15" j£jb Ow?l J oL->Ij 3^ Oib y* |byJl yb J *0>-lj Ajy 2Jljb "^yjJl ’ Oji 0 yi L- flj ^ -■'' 3 J 

j j5yto o y&UaJl ^w?jj Ul 4-SI ^1 <zj j$*\ -bj 


tibJLbl oLbl 3 .b*y* 4-*JLbl Jj-bj I^l* yiSLll ^yb-*l c^>- "JiJl ^jUuj" 3^iJl 1 -La 3 L^i 

cUaiJl 015" bl ?oU 4™Jl aj ^J aJl bli bl .iil ^ll tS j*\ J jb- y* J5" a-L^S" cjUjjjL, - Jiai -- 

liL* bl c4j^ylJl J ^ Ji l »* \jj y « \ >/3j ^|^«i*j tl^Li y*jll j cL^bw* 

* * 

4-bUrl .OUJjl j 0 j5Lil 4 — JLJfc iiLicdl oL ^JaJl y jlaJ 3 LU 1 j j3 oUl 4. r ^Jl ^ *il 

# * 

L y&J*)' Ja^i-1 <^. a *ll5" CjOCvaJl t_. fltll C)j^J ,^i^l ^y»Liil ^yp Ubs^ \jq\za ^3^ 

cyiiil <L5" oJl5" bl .OJ3-1 jil jyu jyOi) ^ilS" <j ji oiU* ry J j U- 5" 

0>LyJjj^l5" f-by*>» yi> JL>r 1 yJ 01 ^ AliL5" O^J^J clA^ C ^b!5" 3y»^/l 

O^JLLI 3bT ^y* k-_-J jA jL A-Aj 2iaij 3 dL>0J diJ-^-4 ji 2 y>r J 0j3 ^3^^^ (3^ ^ 3^* ll 4 b 5" 

O (Ol j^r 1 OljjbJl f.l0a3 yL \jjjb C 1«A ^5" iyurfl j, ^ ^ yj .1 (k 4jt)\l_-Jl 

.kAj^J j >- 1 3 3 3i ^0 1 -La jiLx*] lA £jU! Oj- 3-1 ^yil jy^ ^Lp 


*il 



>?■>» u 1 


^1 ^ H ■ l l , 0 -A-Lf" | I| l^ dl l ljUk ^J |fj ; ^l, j ^ ^ 

.^bSOl iiU ^ 4jy^r-S/l 0l Lfclp 

^a ^jL*dU *u5LiJl 5 jl>- yJl . 1 

.4Jb)L (a) 

. 4Jbllj jl» jlS* (b) 
.apLJL jla jiJT (c) 

.iJuJ (d) 





cOUfJrlj i£} oUl 


aJL^J! *JL* c--w*j bl .o ^SLJl jJU- ^ (g 100 ) fl ^p AJb l$db£" 3^5" ^JL»aJ 4 if »! .2 

?Ailj 4-jl ^ Ajaij 4 £ <Lp ^\j j\ Aj^Aj ap^*j 

g 100 (a) 
g 133 (b) 
g 151 (c) 

. oL*jl*il djjfc ^ I 4 L- 0 - V (d) 

dl^lj ^P jSLlj) ^JUr L-UL* 2 Jij-Jl <j d3jl ^ d ^S\l! 4 ^ yhUaJi j JaiJl < 1)1 al .3 

.* j-aII ap ^ ^Ijjt aj jlw L^ip^ 0 Ujup (mm 100 ) ttb* c 5 jb*o 4 ( 1 ^ 5 " ^>- 

?u ^SLJl aJU- Jl 3 L»OiP U ^iai j jSLw- ^5" 

mm 100 (a) 
mm 133 (b) 
mm 151 (c) 

,oL» jJUil dJ-ft /jA ajL-o- (d) 

A JUA *<>Jl ^|p-b A^-UJl 0 yj! A^%SX^ APj — 4 LI^LjLi f-LjaJ Al*A*x ■ jlS*' bl .4 

d u 4 b 


•J^> (a) 
.^Juiil (b) 
.v-jUrl (c) 

.^jUJ 5 ji Jj>r jj V $ol£l (_^Lj A^xIj *V (d) 

aj j ^ .5 


.<ui j ^-U; c^JUi *L4Vl ^ f- j-AaJl ap ^ ^Uipi c^>w>j (a) 

.^Jl AP^~. ^^Jp * J^ajl AP ^ 3l*Jpl Cj>^5 j (b) 

. A*J J ^»Laj dl^rV l ^lp f. AP 3L*-Ipl ^*XP 0 >w5 j (C) 

(d) 


a jiJL yuisiv- 4<wbTjSsJl ,jv Stl^aill j m/s 2 9.8 IgPjL-J t\^a3 *S jA J c-*^Jaj bl ,6 
( jp j>*aJ aJI .^jfyl ^i 2 ^ 1 bJbr Jljj ^ 14 c^S" ^Jl 

* J* 

Jp ^liJl IJLjl A^iu V &U<ai] I yl-Jl !L»li (a) 

,A3jjX^ AP jS * I ^ J 4 AIjL) j 4 A-jLA j 4 Aillig-^ £ ^ajl AP jl AA-i>- (b) 

jibuil Ijl -4 (c) 





• J jy- jylSy aj jA jJbi (d) 

aJ^>-}L~- ^JJl A: 3 JuJl J^Ip y> U .* ya Jl APyj ^iAJ * Uai ajljL- y dJ 5 ? ^y>j lil .7 

?dJJ AmmjJIj oLJl apL**]I Apy-j Ojli* Alp^ ajljLmJI ^>- L apL«J 1 ap y^ y**ju I-^Alp 

1 (a) 

0 (b) 

</-* V (c) 

A*' jA (d) 

A-J>«-L* oljL-w* AdyiaJl ya*j .8 

U 4 * (a) 

.Sjyail APy*J < — 3 ^Jaj S-LaJ AyL* L y *Lj AlP (b) 

. JjU O iUr Ji^- 3 y-y ly Li AP (c) 

. ^ jL**i* jjp i ^*s*r jA jll^j y* Lg-^Li Aip (d) 

150,000 Apy-o (Sirius) ApUJl < j ydJl p-4 at4lj o yL-j ^Uai ajlJ— ca-S"j dJ 51 y?j 3 ! .9 

#» 

(_£ ydJl y 4 £yaJl AP y* jJ .Lj y» £yaJl APy lLA jL *. — 1 — llj cklTl/S 

?aJp (^JJl y Ui c(Sirius) ApLJl 

km/s 150,000 (a) 
km/s 300,000 (b) 
km/s 450,000 (c) 

.oU^LcLl dAfc y 4 jL-o~ V (d) 

^SoT y>- y jlLl JjT y Aillisi ^51 y <j <b y- jil olpUjl 0 *ly JyCU*o .10 
.A3jy* AP y j£\ cOl)J tAdlij CAilji* £.yaJl AP y jl (a) 

.<U 4 yUj ^iJl y*- JlI jtL^l £ 3 y ^gip * yaJl AP y ^U^pl (b) 

.A 1 * yL 5 -» ^iJl jU^I 4 Py ^ip £yAil AP y< .iLkJpl (C) 

.AjLl^Jl APUJlS" S-^y* A>ry V (d) 






issa 

IllHii 

■av'-f'i; 

;5M?W 
;3|llSfr ! ' 


uUI 


1 " Ij] 9^*>- Apr* .T.ii 0 Ij-A £ *XAl »U p ^ 

Aj jJjJUtf viijji j' j ld A AjL^ (3 92j>r jA Aj jAr^)[\ O' l*ip ^ 

til i_$ i jA jCAaJ Jj ij y ^ JbJLj tjl; :v -V' iiJLcJju — 1 J^l < j.,11 { J 


»iiss 

JJ-& y> U .Hz 10 5 .1 




.jlidVi ^ > jyJ lo^ (e) 

“IS - 


•V J (a) 

• ..•••; •••• •.• 

:yj v-«. .vo. , c,.^ 


. <>ria..,4A.^ Aj^jIj dT j O ytJL* <L* 

•*A^ »Vj 4_^_or STyi Ai (b) 

■'■ ■';■■■ 

• y ' J ii »^* o-* J^' ^ (c) 

0 

JJL>- I yS U, w-Jrl oT ^Jai jlT 131 4 ^-JLiJI Ja y ^ 


. _ s^ ^iii 

•v'^yV' J^-b ji' c-~ s (e) 

OLa-Sl' ,/» ^ oU-jA-l .3 

■■■■■'■' .'■■'■■ ■■■■.■■ ■ . ■■■'■■■■ 

.ol ytJA Ui 

• ^-i 

. J e3 jjV' till ^Im (C) 


f 



tfrUaiilj cOU^Jrtj c£»j*V» oUl 


.o'lt^Jl r ljjVi (d) 

. jLi*)l lJua£ (e) 
?5 jlUL>- 4-Jliil oljUJl ^ .4 

. (3^^^ E jva H jLvia^l 4 jJL>«J. 1 ^a) 

# J # t J 

.ijjll <Jj^a}\ 4juii j! ® jJcSli 4-wrfJjJi (b) 

j ^jAp'viii dl ^Jll ^c) 

. djji-y s> O ytfl d yuiii <L*Jl*Jl j^isJ (d) 

(Jj 4** Jl*5^ 4jJL?xi>l 4^*JL*Ji 

J* *M Ob ^Jl ^ 1 • tM t> ‘kHz 500 J MHz 5.00 Uil^y c y .5 

^^jyjLSr^l (jylfc Jliiikl zs y 

MHz 2.50 (a) 

GHz 2.50 (b) 

MHz 10.0 (c) 

MHz 4.50 (d) 

.out *jj\j t ** j i£\ )lj (e) 

Ljta 4j j^ai\ 4*J-ty c^l jl ^or ^1 ,1 jUa^i ^jaJl .6 

CM jl— j JilJ (a) 

(j (jujaij (ju /^XJ? jl— £-w (b) 
oljL~* J Jill! - (C) 

. J jA>- 4|ia^i^j 1-AwL^ ^ (d) 

.*£ J-\ M\ 4 J^io *J (e) 

4^L*jJl oAll ^j*A^Aj C.. . 4* J t d l ^3*^+0 iJS' ^JLp 4 -LjP tjl . 1 

^|L?xiii l> yj .^cjLlJI lx** jZa 4-LjP 10,000 ^jJL>xli 

. (a) 

1 1*M (b) 

. I y>£- (Q) 

. jilJl y^t- (d) 


iiuiS/l tij i'i / ji »j 


j»* (e) 

-JtJl ^jA ^Liil £^l*Ji>Ji J-LP .8 



dJls3l oUl 


(a) 

.jipLs (b) 

(c) 

. J yUj IJLj l- 31T <U>-Lv SjaiLi <J$ jS”* jXj (d) 

#> 

• 4j ^ (®) 

^ li UijI jA aJsju ^jA iS y L*5" tL^ii* ^1 p oIpL^JI ^.. .^ j ^sJjj £.LOli aj»uL> £ .9 

U-S" y ^llli.-Ls^j kg 60 tjp }i\ Jp OJALlS" 01 J? yj\ .A-jju-laJl L^XP J*A dJLb jwJ Li Is" j c ( j^»jS/1 

j yLJl f.UJl l$ikS" JJLuj-U? c --I# lit — Ip kg 60 L^x LS" j <x*jL- !l <j 

?0jj Lil 

kg 20 (a) 

kg 60 (b) 

kg 180 (c) 

kg 540 (d) 

.ol* ji*il /jA Ojjil as jaa djs lijj jjSA (e) 

ajjj^I ^J l ob.i jA\ ob (EM) ^53 1 jrlyVl .10 
,4J y4l yjJJ y y (a) 

• V**- ol yit v—J ot ^£j: ^Jl ojll (b) 

.tljAl y5 4-L oliL-A jLJLxJ^I (c) 

.^15" eJ>*>UJl L$^**j 4 (d) 

.<j> j - f-Ua> *.UAl ^xJ (e) 

2JUI oljUl c^T .11 
^ J*** 3 * s-^aJl JLst (3.) 
.SjuS" Jt >>■' SjJLi L*Lp ajuM jJULtf (b) 
JgL. i uJl AjliU ( j^.a><-AI j}\ ji (ELF) ^\jua\ (c) 

.(IR) f.l^J-1 o-£ aj u^S/I ^Ij>*I Jji^f 4 jj^SL 1I ^Ij^Sfl (d) 

• ^ jil tjOail £r ' j-v^ait X (e) 

>! J .12 

.5 4. :...•■! I j 3 jUj>w* <L^-w*A-I <L*Jl*j! (a) 

.5 yOL* ^Li**Jlj ^^Jrl JU^-bJl JS" (b) 



4*UadJlj 


i£\ j**i\ :CJfch 



,4jJj>*. a <Lu*J' A**Ujl51j o yULA A**^*jLl oT (C) 

.4-^s*Jri Aw*JjlU OjJaj ^jA J yh\ j^\ JjjaJl (d) 

.A^^Jr\ 4^-i*U djja j £jA A.m».H 4-^JjdJ ^ J ^Jajl (e) 

jjUii) .13 

. j^53l (a) 

Oj\j>- (b) 

.OjjjSH (C) 

. joL-mJ jjSf' (d) 

.•^p1 *jj ^ J N (e) 

Am-mjJLj j, y^X 3l AP j*m ^jA i J AP^wkO g.1 yat A1 aA*v .il j>%Jj L /•JLlP' * A^Lljl j ^ ,— flii . 14 

. ___ LilS^j Ai*i**Jl (jt* <■_ -*1 ApL«mJ| t jJk 

♦ ® (3.) 


. AAJ yA (b) 

.oXjtoLu*/ f._i Xjj ju«j (c) 

.aJU N AP-^u-o jwJ (d) 

. A fr j*j+j ju*j 

L)1 ujLpl^aJj jJ-iJl Aj ^ 4 C^jJl .15 
.IjljjJi J ^>- <— jsUJ'yi AaJj-^I jr l^*Sn (a) 

. A^S" LiO AajIj A>w C->L> (b) 

■ A-*r ^yaJLa^ fi. J-MJ (c) 

frUai J-* l Q + fan A ^ L)_j^lJ d^lll (d) 

.£*>UJ-I (j JU&MI ^Jai — j a-— v Ja y^SvJi J^ibA-l (e) 

tUj aJq.J aJI jA SJaJLi ^ja t L^il* p oLpL-JI j~lj c-^- ap^—j ^^Db-J cUbj aljL- j! j>r-& -16 

. H 4 1 1 5 " tb j*. bis 50 o^b^JJ v j5C St sJbS^U oJtf" lit ,AP k_Q 4,^ « ) {£ j£: Li\j 

YLj AlaJ aJI ^ ll aJaU ^jA Li ^Ua;;^ ^Jl 

#> # 

-Ljji^ Lil? 25 (a) 

.1 jla Ua 50 (b) 

.Lji* Uk 100 (c) 

.Id ^ LU 400 (d) 



sLi\d\ 


.oUjJUil Jujil A3 jtA (e) 

*!lfc jL; .m 120 <*j> J jL EM JJb- .17 
.EM Ja>- (a) 

Or (b) 

•<S}£** <*•>*) ^i))^ *»U» (C) 

.ff.1 jaA-I A3ll» (d) 

.x a*-M a*U* (e) 

O^Ldl ^ ^L L^f ^JupAImA! ^^jjl <3 0_^O 0^ *18 

.^^~3 ^jJl iJUiil (a) 
aLi$J| a jJU (b) 
jiJl ®jJiJ (c) 

.A~>jty A-oU-t JLi. (d) 

* 

<3 ^ (c) 

ftiU aJB oljLJl <^I .19 

.J,lij jJl f.j+a)\ l£ j£\ g^aJl (a) 

. ^tSTjJt f. j-iali AJj» yvxa^-S/^ £ j^aU A*~*jJL Aja *— *j AjJbt-* A^l^J A**Jk*j j£-\ (J jjaJl (b) 

.a]su— J A^U-j A^wXp j ?• jvaJl y. L*JUp (C) 

j 

. L^-J ^Ju i l g. j^ «^ a it ^1 Lp ^L>rjji ajj j 3 JL*jju (d) 

. bu?iv3 d^pl ol^L*Jl (e) 

< j^a5t v aii-t ®A*j Ajajl ^L«j Al*ail> ^a>U<a>- c!^!Aj tA-3 ^JLUj ^AJl Ja-*< LI j-*S(l £*. — *Jr .20 

. jlii'yi AP j** J tor ^Ll J jbj m ji\ (a) 

. ap j*n j caa^J \^ c 22 ^b) 

.Jjjjlj tA>s-^Ll CAlt^Jl (c) 

.jjjJlj tA**Jlj tOr jil <j^L (d) 

.Aa**J)^ AP ^ (C) 

cLL^p <_-> ^LjdU ^Jop^l ^JaiJl .21 

.A^-Juii (a) 

^ijJU (b) 





.paraboloidal ^tjJb (c) 

•,/>i J>Jb (d) 
•C^ (e) 

a}q S J L J m J I t 1 t ~ Ajci^/1 

. .d^rl 4 j jl fljl U 

■ jfri-Jjjt JJ (b) 

•y*' j* (c> 

.AjlHj <jl ^I>-1 flj Jj li (d) 

•f-tj*. (y^l Jbi Ji c£ J >' ( e ) 

A ,J*ji\ U*j t5 apLJI j .4 apLJI OL^^j" ciiajl ^iS\i ujsaI— al .23 

* 

^1 liL^ ji t<JUiai 4-5*" y» ^jc* ^Js- B apI— J l f *jf 0^/1 .UJb <jc — oil y* jli j__^J 

?\jJL^rj bL»j Jju oM OjUL* O j>r . C-Olp ^ £tJ jii 

.AiJb ^r^uii yj* Bj A OLpL-Ji Jlj; ^ (a) 

.5 apLJI o jAia A apLJI (b) 

,B ApbJi ^P 4>Juai4 y4 APbJ' (C) 

. L^d>- j (.Lut ^Ip bf «X^.t w j (d) 

.e>yA Sjj l£ 5 jLp Vj (e) 

f-Lfij JLiPj ti_**S"* jll <j 4-w-JjtU j£\ (J ^JaJl ^jieuAyCJ AL»Jrt (3 ^ jib\ ^ *1 .24 

.” 4oli Cy^ 

Jn^i (a) 

J*- ib Ji (b) 

.*U)I ^aikS (C) 
.jsiuJl ihj, (d) 

■j** ^ (e) 

(Jkfjl %Aj>- kAjjk. 0* -» J kAjt J .25 

jyLjl IJia ^ . ~ ■ ^ 

* 

.Or jil jUii (a) 
.jU5o^l (b) 
.^tJiJt (C) 

•J^ o* (d) 


aJs^I oJL* ^Le-' ^^Jai 



dJidi w»M' 


J^ 1 (e) 

jl ^jIp jitfxJi o^L> l5 I-L-* L y^i .26 

. ^ 6 AaOL^-I 6^3 

,^jL*l)b Aj j AilSvjl a jjlil (b) 

0 

bi toll £j-/aJl AP j-w (c) 

.A^jT AP^ £^-f ^ ^ ^aJj AP J~> (d) 

-k St- ^ jckij Ju oL>* J*aj\ (e) 

?b >. IpUJi! ^ (d jt tc jl b y ta) aJUI ^UJ^I dr 4 ^ -27 

. ajLaU 4.^d>ull ob: (a) 

.x - **i.f (b) 

.lAp Ax-i»f (c) 

.AammJ ^ ll Ajj^SvJi (d) 

. ajj ^UJ^ l J?Uf ( ^- (e) 

^ ^ (4^ ^ .28 
(a) 

.o^ 1 (b) 

(C) 

.uyyJi (d) 

(e) 

4j%“ oju SaU.1 sjuk jLm^jI oy 1 j .km/s 150,000 I*. J -» J SjL* 0i Jp .29 

W 

0.500 (a) 
0.805 (b) 

1.00 (c) 

1.24 (d) 

2.00 (e) 

j \ a ..., i jj^fl 4ji^? .30 

■t- L i Jaai t i— (3) 

, AmmAm Jl X Ajui.' Jf- (b) 





t£» ySl :CJtelt oUl 



.U y (UV) ^*-^4 J > l*U£i Sr*~- ^ u^t (c) 

y> 4 -Lju* oU-Ujjl jJLp j£?\ olflJ* J$ yp JJ* (d) 

*Ulf (e) 


O v4 Op^ii ^ J .B 5j>r <j 0*>0 LlLj — 9r y 2 j—*-j ^Ja j — lil .31 

jil jyU j* Jji jt L^r ISU .Hz 2,500 c£ jL-o w yj cHz 500 

.^4 <^r jil 4 P <— ^JLj <P^-j 5 jil (a) 

.5 AS j*s* A»ta*o^“ ^Lj 4Pj***«J i4 Or^it ^A l *J (fo) 

.^4 Or 4 jc** A+*J^~ B jll <*— £-l»J (C) 

.5 jil 4 jl*» y4 jll 4*-* ^Lj (d) 

. p-f-Li jL>r jil Jay y (e) 

L* JT 4jflu*Jy ^jL /a flit d yJUlll jl y^C. *32 

j U >Ji (a) 
.oibM (b) 

,A^\jA\ ASj>J\ (C) 

.{.b y-Jl cy yaijl (d) 

^Ij ^ ll 

ji ^Jaij ^yy* y* y^c* ‘45^y*«-s^ 0y^i3 4 JUI ojlydl <3 yill ^L»l .33 


. 4 -«x JLP • ■■^ i 


•>■** (a) 
•-r^ (b) 


.Ujly^ ^--sAj (c) 

. i _ r iUi (d) 
* 

.^s^j (e) 


yl jl+OA ii ^Ip i <J y* y* 4-JUil oljyU-li jl J-odl jf cJ>jydl y— * .34 

L* y.. ■ < - J -LjuJI <^jlU 

. JUjull ^jlII ^Js ft * Jl jlp 4 pL 11 ^UaJ (a) 

ily. jit (b) 


.jJUrl 0U»y- (c) 
. (J J (d) 



vUliJt 


.djj iUi-l (e) 

Aji I 1 4. 0 ,1 . 4 ^ yili l^**XiP .35 

.oUaiJl <j ^ j^/l iS” y- oL 4L tkif e- yAaJl if j~* j (a) 

.t- Ua oll (3 jS/1 ol^-lj OysiaJl 4P j*t (b) 

>U-I y>> v—- (C) 

. C^IaL^^/I 3 ^ j *** ^ ; (- AP ^*4* (d) 

.4iJu ^a!I ap ^ JbJL^ ^ (e) 

ap ^*^p j^ycJl j£i aJI jiii ? g-^ 3 EM aa*^1 a^*3L> a>»^w9 aJLJI *11 .36 

jwcJl (£ j£j cjJ n ^Jl ^^p t aJUJL jjAJl jp cAJlill) ^ilL jLJuij^l 

. ^dlj Or^il ^jp 

* 

.or ^il J jJaj L» ^ y!l c$ jt~J jLJLii^l ap ^ (a) 

* 

,A>*^i! ^1 p ^ jULi^I ap j** (b) 

4* 

Ij ^ (j jL*u jL^jj^l AP^<> 

* 

.Or ^il J ji* ^^lp O j-~0 AP ^ ^ jLaO jjjjl (d) 

.o- ^ll J jja* jLijJ^l ap c^jU*o ^ jdl (e) 

* * * 

<— AjIaL) c c* A^ iS"^ c^t l ja .* ^L/*! tlr* f*"^ - u* l-o L pIa->> <1)1 .37 

Owj^ ^JU3 0} . j%djail p_«Jrl J ^>* p_3!»Jl A*jJ j y& SJlP ^JsJ . Ll« 

il jjl 3 (a) 

•y^> (b) 

.^‘UaiJl oU^5U (c) 

■4i^ ^ ( d ) 

• ^ (e) 

Ji Ojuj^j^'c ^ ' jWO .38 
,\ Aja^-ljj ajjj^IjJi ^iSCwJi (a) 

. A,4.4 ^ .JL l i oljlptxJlj'yi Jjtj cij J-^>xJl 1 IjJjjS/i (b) 

. OvJjS/' A ^ ^ jla^l i t^UaiV^ q* ^-r> O J- 4 (C) 

.1 jjjjSn ^ yiilj O^lp ^Jl A-J ytil ois" yi-l (d) 

^ (e) 

* m * „ * 

.L*Lc jS^ > 1 <j <Jsuj£ ^ j L*lc AiLLi- oUs 3 .39 

c£jj^3 ^Jijj9r«Jl 3 viiL* ^^P 0 jLp jAj ^Lyall 4 — UJj J? 




2 f * * f 

j*j tjlJaJl <j L y y& I^Lm^/* .^j^o A^lprjJl a ysi\ £ y <J <JU — !\jj 

? < jr^>"L- 1 ail ^yP <L? j^iaJl A*J*^/I 4 j jLa> ,B ^U^ail aj^j £L/ajl t^lJULw- ^]aai 

.uii 1$ .~a. i Aju ^laJljj A>>^5l^w4 J?^)ai£ b*r jl>* {j* 4-*-^ j! l£ y£ (a) 

4x-i»^h ^bfc-M if j$i tA^UrjJl 0 ^Ji <j cJu y^ ^4 ^Lyall a*-M (b) 

* 

.A^fc^A Jt? j&j- <3^j L*- B ^y^all jy 

Ax-£»SM tA*^-brySl 0 ^^b*- A^AJij (3 A ^y^li 0 <^aJl Ax-£»Sfl lyJjbl —> (C) 

.A .+.+ A** **** J?jiflL>- <J3j bt* jl>- 5 ^jA 

Aj j\Jla l J&\ ^jA i^jyj bJLP jS' \ .J^Liu ^4 ^Lwail ^jP OjiLvflJl A* JLpL Z) (d) 

.^-Urjil j ji ^ B ^ L *a, U ^jp o j^UaSI A*-iS/L> 

,ol* jJLnil y» JUjil AJ jla Oj^ AJjIaU *i y?\ J-3*w*o (e) 

« >1 \jj> ^ jL-4 .MHz 900 JLil J-Ull oai; «JtfU .40 

.9.00 x 10 5 Hz (a) 
.0.900 GHz (b) 
.9.00 x lO’ 4 GHz (c) 
.0.900 THz (d) 
.9.00 x 10 8 kHz (e) 
j* ELF au-iSl f Ull .41 

( a ) 

.^J^aJi ^L^ail (b) 

. jLJ aJ y: dLL. (c) 

. A m ^JS^ AJb- (d) 

.A-fy 4-*bJl ASLji Ji -kjp (e) 

LLp j jJJt gjii i~TUil oljytiil t_ii>- jSU ^ >1 J .42 

* 

.4^m?t A~* wlP A y»^vL?r 0 1 jA (a) 

.i—idji-l ^jA a^}\ 5jL>y> (b) 

^ 3 jUL (c) 

.AjJL-jdl A^^-w-Jri A-^JjtJi AjL-J.1 O^Ly (d) 

.A*L*Jl OjU^f 0 yiil *JLj>-j i yp ^IJbxlv-b (e) 

A Jfl, . * l^j A»^LLl A^^ujJi Aj > AZJt3 y LjS^ .43 



OJuJl oUl jUpM 


.Ajjlz^ OjlwLi A-J^l^r- J^A>- Aj j.AJl C-»lpLv*Ji ^ (3.) 

.Sj^hj ^^4 ^ LJj tajij l*«up ^ja u jiJij « jjy*. y*-S/i ^ (b) 

.aS'" ^4 1 Aju j~* IS jA g-L^aal! f.L^-1 <Jl (c) 

• ^glp 4J6 L*£w* ApL»w df-lji d yljb^ ^lp Ap4-**Jl df.1^3 AjjUL* (d) 

4^- L ^slj^~ ^^*1.1 o->\p j***}\ ^3 c^Ljjj ^d^pl Lj? (^1 (^) 

.aJUU 

Ail Aivpj ^^So: U a y j L^ilU J5" £ ) ^>\ A^^il .44 


(a) 

(b) 

.^4> (c) 

.jLiw* (d) 

•*-»*■ (e) 

JaJ L> ^Ijtil ap ^p ^*jL*JI .45 

.f.^aJi <P ^ ^ olp j ^> <J (a) 

^ jL^jj Ujlp (b) 

A$" yU jj £- ^ (c) 

.A-^js^-^aJl jl AjUlU AaJ^JI ^L*v^r^/I <J (d) 

(C) 

JUJI i Jr>l J<£\ J Jii-1 j*p 01 .46 

v‘ u ^ ^ ut (a) 

. flJp A-J j /jA c jj- 5”" (b) 

j^£oU 4jt^aj A-j j ^ c jUv? (C) 


. (_£ j? i** +A ^jIp iX»iw (d) 

, A>iJj>*_^^1^ AmxJI ^jg ip 

bl .AiUflJl y* L^iJ A~JxJl ^^Jp JT ^ y£ tolj y y y o j>di A-j JV9 Iaj>- jf Jp jj\ .47 

jr J 3ly4l AilUi liU 4(UV C^w4 ^t) 5 ^oJb 

?oyy 


•j^ J ( a ) 

.c^liw?l A^*J^ jp I ^r ;< /a:^ (b) 

# a 
Ua-> Ji 4~~+£: ^OLi^ (C) 



jaJ\j c*uij \j cOU -Jr\ j i£} 


.A*Lv^Sft \ *> l/5 (d) 

.AjLy^Sf^ l/25 (©) 

oU-Sll ^ J S^M Jl %‘b o^UaJl yj&\ ^u .48 
•c5 £jjjf jb^l jvS*l ^ j^-l s- jLtJl (a) 

.(£ jLil/l ^jA ^jif ^j^Jb <— <ia*-l y i. y*ab\ jltjl (b) 

.LJb 0 j *>* -U <L‘b 5 -JLa <3 ^ jb*^ .ii^b^l (c) 

* 

. bi*> f.\jj^ (d) 




.<Sy&. ^\*x>- (e) 

^IwX>i^av1j u<>j ^* JL ap I ^ 1/? ^^.c. .49 

- . . 

A**JtPj 0 yuL* 4^»^vJ>r 4-w-JLP (a) 


. fl A*A*P 4j*X>»^* Aa^-^Oj- A-w*Op 


. i .^ . _ „ i ^ _ _*r 

.0 jAJL* A**»Op j Aj-X^*^* <UAWr- 0) (C) 

. i J . . . i.i . . , 

.fl j*-&a A^i*P QjMJL* 4 * <y>M» A**Op (d) 

.o^f ^jj br <^f (e) 

JJLSj 4Jblja^ L*J&b .> y ,t \ (J OlT y*%jj (.B op A A*- jil tOt^^r Ob *- jA Jbr y Ajf yP J3>\ .50 

S ^ l^*Sh d^i_A ^p J ^jj of bL* »jbb-* Or*^ ^ a*-^JJ^j cAxj a*-^* A a*-^LI .Hz 800 

.Hz 800 ss jdl J Bj A j^>r jil bis" jS " j (a) 

.B A*- jil ^ a jiiaJ 0 ^ ^4 ^ (b) 

.Ailljs^ olp j~*o <j B J A 0b>- jit ii ^>o‘ (c) 

. jbilliP Bj A b*^. (d) 

.jd &BjAc&*^ J > (e) 



aAju*1 <S td-Jlillj cjjty <— •'Lil (j* S^lll ^ ^Js- jl>u/bll IJla j&*-- : 


* s' - s* WH 

75 { j& O-^C oJu*- AJK-lJl j^psJ . l*L& ^JuOj JjLP t_^>b>Jl J,j JjJ y .yL> ^ 

J3 Jj 01 J^aij .«—^-^ lj J^ 1 ^ LJLp 

•e£ 5 o-vPj lij aj £ XS jJ (JUIjj t 

jJt .m/s 100 g 0.125 ^U?j 

?A;5wLlJ| Ajjili> aJa 




.0.00125 kg. m/s (a) 



“:l«»;asiiw 

.12.5 kg. m/s (e) 

*Jbl 1» 4.i ;2 

{ 

**-**?*• U^ • . :.; 

Cl £liiISS : : 


1*3 »^r fl ^5”* Jaj^j C«»^ .0^1^ ^I^juI AJLj ^ f.[*/aJ A^Jus 

fi 1>J| ^jL*J . oLi aj jl j 

.dUa*>» AjaJ- cl J a aS" yL A^ij - 1 

.jjuuo j*ui J •'(!() | 

.JJLp \X*j r- jUJJ 
.jiii ^ a^Ji 

.5^1, 




dilll jf ^>1 J^\ ^Js- caJjLJI AjbU JJ aJL? <oU A^P Jj y>cA A3lla]i JA ~AX*t ka *3 

^P*Xj^ ji^i dj^A j^aI) . Ov^ (^T - (3 ~^“ ^ j^Jl- - 




. 4ill? (a) 

ajU? (b) 
.^'UoJ'Vl ij\ j>- (C) 
.objjJl Aill? (d) 

,A*r yM AjdiJl (e) 

Aj^3 A^r dydJ ^ j &Zj_ |i 1^ t ^ AP ^ ix<J*o tl3 1 ,4 

<* # 

• Ljb"" Lx « «d J (a) 
,dUp«j U5"L- ^t >M ai (b) 

.<j> jSU J ai ^ (c) 

.AP £^t*jLo aS~ \j y*JU*u (d) 

. aS^ y- a-x»5^ aJ (e) 
ac djj-5 UC .5 

.j> Jl ^ 60 (a) 

. j^Wi j A>-j-> 120 (b) 
.jjW ^ A^ji 180 (c) 

.JJ Jail i) A*rj* 240 (d) 
.j^kSl J A^-y 270 (e) 

.IgJLj J^Ll* yij y£ -X*-y yilii Jp aJ y i|iH 30 y^- JS" A-«*J oUi* A — J^J .6 

jj* ^ yiil ^1 p a] ysdjll AP^*dfw*JJ ^yajyxlil 

.^iH 30 (a) 

.[iH 90 (b) 

.jaH 10 (c) 

.L^i jlil ac ^ y JU- wU^xj (d) 

.djjji^ (e) 

.OyM (J Jjty JjLJl £-* L5La-j$" J plii ^ y=-T JjL» JUo| ^ iJjLw 3 y- cj-* ^ AjI y j — lil .7 

aJLp L^i .Lo^sdxj £_* L^jJLJ O^LmJI yc 

•c^' ( a ) 

. (b) 
•*JU-I t) v*~ (c) 





•C^V 1 (d) 

(e) 

j‘7“5 J^L iaJ^ j -8 

.^Ijli 7 aj cwjj 5 aJLpLa* (a) 

-fjl 7 aj^-> aJLpU>*j 5 a^jLJL* (b) 

.^jl 7 ^ a1pU>*j 5 a^jUL* (c) 

•<-£>* 7 fj' 5 aIpU- (d) 

,d*>LpI ^ jj ^f ^ (e) 

(j-* cjIj dc a 3L>- j ^JiU oLsAi ^b L*-Xjlp .9 

.-Lj^r j£-So Jaj (a) 
.cJ^il Jij (b) 

Siij Jiy (C) 

.Asoi>« JL* A*jUL* liJJLc (d) 

<* * 

.Ulp Uaj J- dJULc (e) 

oUjyblj .10 

,Ai>i-i o>Lj jjybl 2J-b V L»jlj aJL aj o^Uy^jJl bLbc tb^iL 1 g «»4 j aIi^JI Li ^a) 

. a^S^Ij oj a^ jb«w» aJL ^ 5** ob*w bLb lytS"" Aib£ .Jx^Jl (b) 

* 

.AjLlJax* aJIj ^$ 5" ob>w tilb j5sJ j IjjiS* - Aili£ Jx^Jl (c) 

.£ j-aII AP j^j lJ J AjL ^ iT A13W N J aIxT bXb V (d) 

.I^V 2 JL*J LU*.Al < a«/j' lil jLJ (e) 

jP OJb>xl]l viJLJi ^Jb C~Pj bj .y y> LjcJrL 0 JJl£ ^jyc* y ^-^SJ 4PbJl AP^- jl 3) .11 

b-Xp . jJ y> IjbL apLJI ap j** 

.6 ^ jjS"! (a) 

• Sy (b) 

.5 jA <jJl juj\ (C) 

.OjA 0 jj S. Ja^>\ (d) 

.A**Jj ^(«J“Ij (e) 

bl l*i jLLl jUi jli a 4*J1 Jb j-kll Vr! J\T J ^ .12 

. a ,/? j > i_l* <b»j^i <bJLil oJl5" (a) 



llj ts-UaiJlj cO Uii^ i j i-jLJl 
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